Accepted by AJ February 18 2004, to appear in June 2004 issue 



Near-Infrared Photometry and Spectroscopy of L and T Dwarfs: the Effects of 

Temperature, Clouds, and Gravity 

G. R. Knapp\ S. K. Leggett^, X. Fan^, M. S. Marley ^ T. R. Geballe^ D. A. Golimowski^ D. 
■ Finkbeiner^, J. E. Gunn^, J. Hennawi^, Z. Ivezic^, R. H. Lupton^, D. J. Schlegel^, M. A. Strauss^, 

O ■ Z. I. Tsvetanov^, K. Chiu*^, E.A. Hoversten'^, K. Glazebrook'^ , W. Zheng^, M. Hendrickson^ , C. C. 

^ ■ Williams^ A. Uomoto^'^ F.J. Vrba^ A.A. Henden^'^ C.B. Luginbuhl^ H.H. Guetter^ J.A. 

^ . Munn^, B. Canzian*, Donald P. Schneider^'', 



> 
in 



J. Brinkmann^^ 



O ; ABSTRACT 



We present new JHK photometry on the MKO-NIR system and JHK spectroscopy 
for a large sample of L and T dwarfs. Photometry has been obtained for 71 dwarfs 
and spectroscopy for 56. The sample comprises newly identified very red objects from 
' the Sloan Digital Sky Survey (SDSS) and known dwarfs from the SDSS and the Two 

' Micron All Sky Survey (2MASS). Spectral classification has been carried out using four 

■ previously defined indices (from Geballe et al. 2002, G02) that measure the strengths 

r"| . of the near infrared water and methane bands. We identify 9 new L8-9.5 dwarfs and 

14 new T dwarfs from SDSS, including the latest yet found by SDSS, the T7 dwarf 
O ; SDSS J175805.46+463311.9. We classify 2MASS J04151954-0935066 as T9, the latest 

\ and coolest dwarf found to date. 

' We combine the new results with our previously published data to produce a sample 



of 59 L dwarfs and 42 T dwarfs with imaging data on a single photometric system 
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and with uniform spectroscopic classification. We compare the near-infrared colors 

and absolute magnitudes of brown dwarfs near the L-T transition with predictions 
made by models of the distribution and evolution of photospheric condensates. There 
is some scatter in the G02 spectral indices for L dwarfs, suggesting that these indices 
are probing different levels of the atmosphere and are affected by the location of the 
condensate cloud layer. The near-infrared colors of the L dwarfs also show scatter 
within a given spectral type, which is likely due to variations in the altitudes, spatial 
distributions and thicknesses of the clouds. We have identified a small group of late 
L dwarfs that arc relatively blue for their spectral type and that have enhanced FeH, 
H2O and K I absorption, possibly due to an unusually small amount of condensates. 

The scatter seen in the H — K color for late T dwarfs can be reproduced by models 
with a range in surface gravity. The variation is probably due to the effect on the 
K-hand fiux of pressure-induced H2 opacity. The correlation of H — K color with 
gravity is supported by the observed strengths of the J-band K I doublet. Gravity is 
closely related to mass for field T dwarfs with ages > 10*^ yrs and the gravities implied 
by the H — K colors indicate that the T dwarfs in our sample have masses in the range 
15 - 75 Mjupiter. One of the SDSS dwarfs, SDSS JlllOlO.01+011613.1, is possibly a 
very low mass object, with log 5 ~ 4.2 - 4.5 and mass ~ 10 - 15 Mjupiter- 

Subject headings: stars: late-type; stars: low-mass, brown dwarfs; stars: fundamental 
parameters; infrared: stars 



1. Introduction 

Since the discovery of dwarfs of spectral type later than M as companions to nearby stars 
(Becklin & Zuckerman 1988; Nakajima et al. 1995) major observational and theoretical progress 
has been made, thanks to sensitive new wide-area surveys at optical (0.4-1.0 /im) and infrared 
(1.0-2.5 /im) wavelengths and models of atmospheres of dwarfs with effective temperatures 
between those of the coolest stars and the giant planets (see the reviews by Chabrier &; Baraffe 
2000; Burrows et al. 2001). Two new spectral classes have been identified later than type M: 
the L dwarfs, characterized by the disappearance of gas-phase TiO and VO, and the T dwarfs, 
characterized by methane band absorption in the H and K spectral regions (Martin et al. 1997, 
1999b; Kirkpatrick et al. 1999, 2000; Strauss et al. 1999; Lcggctt et al. 2000, 2002b; Geballe et al. 
2002, hereafter G02; Burgasser et al. 2002a; Hawley et al. 2002). Most L dwarfs and all T dwarfs 
are brown dwarfs. These objects are of interest because they occupy the mass range between that 
of stars and giant planets; because many of them are likely to have the intrinsic properties of giant 
planets, which at present cannot be directly observed; and because they allow the investigation of 
the initial mass function to substellar masses. 

Field L and T dwarfs have been discovered in large numbers in recent sky surveys: the Deep 
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Near Infrared Survey (DENIS, Epchtein 1997); the Two Micron All Sky Survey (2MASS, Skrutskie 
et al. 1997; Beichman et al. 1998), and the optical Sloan Digital Sky Survey SDSS (York et al. 
2000). Including objects described in the present paper, there arc now about 280 L dwarfs and 
58 T dwarf systems published (e.g. Delfosse et al. 1997, 1999; Kirkpatrick et al. 1999, 2000; 
Burgasser et al. 2002a, 2003e; G02). This large sample has been used to establish a complete 
spectral sequence from LO to T9 (G02; Burgasser et al. 2002a; McLean et al. 2003; present paper). 

Unlike stars, brown dwarfs lack a sustained source of thermonuclear energy, and hence cool 
continuously, passing through the L and T stages, with their initial spectral types depending on 
their masses. Their observational properties are thus a function not only of mass and metallicity, 
but also of age. Not all dwarfs of a given spectral type or effective temperature are identical; they 
have different gravities and different colors, the latter likely due to differing amounts of particulate 
matter in the atmosphere. For example, in mid to late L dwarfs there is a large scatter in the 
JHK colors and apparently no one-to-one correspondence between effective temperature and 
spectral type (Leggett et al. 2002a; Golimowski et al. 2004). Such considerations drive searches 
for and measurements of additional dwarfs, in order to more fully characterize their atmospheres. 

2MASS and SDSS have been highly complementary in the discovery of L and T dwarfs. 
Most of the flux from late-type dwarfs is emitted longward of 1 /xm, and the J — H and H — K 
colors of M and L dwarfs become redder with decreasing effective temperature, allowing the 
identification by 2MASS of large numbers of L dwarfs (Kirkpatrick et al. 1999, 2000). However, in 
the transition from L to T, CH4 absorption appears in the H and K regions (and H2 absorption 
predominantly at K), strengthening with later spectral type and causing the T dwarfs to become 
increasingly blue in their JHK colors. The JHK colors of early T dwarfs are similar to those 
of the common K and M stars, making their identification in 2MASS very difficult. However in 
the SDSS filters the dwarfs simply become redder and thus the early T dwarfs have been found 
primarily in SDSS imaging (Leggett et al. 2000). Only three objects with spectral types between 
TO and T3.5 have been identified from sources other than the SDSS - Martin et al. (2001) in an 
optical and near-infrared imaging survey of the a Orionis cluster tentatively classified one member 
as TO, Liu et al. (2002) found a distant field T3-T4 dwarf in a deep Iz survey, and McCaughrean 
et al. (2003) found that e Indi B, discovered in a high proper motion optical survey, is a binary 
consisting of a Tl and T6 pair (see also Scholz et al. 2003, Smith et al. 2003 and Volk et al. 
2003). To date, all T dwarfs later than T7 have been found in the 2MASS database (Burgasser et 
al. 2002a) but we expect such objects to be found in the SDSS imaging data as sky coverage is 
increased. 

In this paper we present near-infrared photometry and spectra of new and previously reported 
L and T dwarfs (including 14 new T dwarfs) and compare the colors and spectra with predictions 
from state of the art model atmospheres with and without clouds. The new objects observed 
are described in the next section, and the new JHK photometric and spectroscopic observations 
are described in §3, where we also derive spectral types. §4 presents colors, spectral types and 
absolute magnitudes for the entire body of near-infrared data on L and T dwarfs which we have 
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accumulated to date. In §5, we compare these data to model atmospheres. The conclusions are 
given in §6. 

2. The Observed Sample 

The general goals of our observational efforts are to identify samples of late L and T 
dwarfs which are at least representative and ideally complete, and to measure their spectral 
and photometric characteristics. To this end, we have observed new candidate very cool dwarfs 
selected from the photometric observations of the SDSS. We have also re-observed some previously 
published SDSS L and T dwarfs for which our observations are incomplete or suspect, and have 
added some 2MASS dwarfs where they complement our sample. Previous observations of the 
2MASS objects are discussed by Kirkpatrick et al. (1999, 2000), Reid et al. (2001), Burgasser et 
al. (2002a,b; 2003b,c) and Dahn et al. (2002). 

Table 1 lists the names and SDSS i, z photometry of 51 confirmed SDSS dwarfs, most of them 
previously unpublished. A small number of these dwarfs are also detected in the SDSS r band, 
and these magnitudes are presented later in the paper. As noted in Table 1, a few of these objects 
are described by Hawley et al. (2002), who present optical spectral types of a large sample of M, 
L and T dwarfs observed by SDSS. One object, 2MASS J090837.97+503208.0, was identified as 
an L dwarf by Cruz et al. (2003) from the 2MASS database while this paper was in preparation. 
Finding charts from the SDSS z-band imaging are presented in Figure 1 for all 51 objects in Table 
1 as charts have not been previously published for any of the objects. 

Following the lAU convention, the SDSS names are based on the J2000 coordinates at the 
epoch of the initial observation and will be abbreviated in the text when individual objects 
are discussed; thus SDSS J003259. 36+141036. 6 will be called by the shortened name SDSS 
J0032+1410. A similar convention is used for 2MASS objects, whose full coordinate names are 
given later (in Table 9). Note that these faint stars and brown dwarfs are nearby and likely to 
have significant proper motions, so the names do not necessarily provide accurate coordinates for 
later epochs. A future paper will discuss the measured SDSS positions and proper motions, since 
many of the objects were measured at more than one epoch. 

The SDSS i and z magnitudes are ABi, magnitudes, for which the zeropoint in all bands is 
3631 Jy (Okc & Gunn 1983; Fukugita et al. 1996). The ZJHK magnitudes used at the United 
Kingdom Infrared Telescope (UKIRT) and discussed in this paper are on the m(Vega)= 0.0 system. 
The SDSS magnitudes are modified to be asinh magnitudes, identical to logarithmic magnitudes 
for high signal-to-noise ratio measurements (> 5o") and linear with flux below this (Lupton, Gunn 
k, Szalay 1999). For the observations discussed herein, zero flux density corresponds to r = 25.1, 
i = 24.4 and z = 22.8. 

The SDSS camera (Gunn et al. 1998) scans the sky and produces near-simultaneous CCD 
images in five filters covering the optical bands u, g, r, i and z (centered at 3551 A, 4686 A, 6166 A, 
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7480 A and 8932 A.) The imaging data are reduced through a set of automated software pipehnes. 
The photometric pipehne Photo (Lupton et al. 2002) corrects the data, finds and measures objects, 
and apphes photometric and astrometric cahbrations. The photometric calibration is provided via 
a network of standard stars (Hogg et al. 2001; Smith et al. 2002), and the astrometric calibration 
via matches to standard astrometric catalogues (Pier et al. 2003). The photometry is accurate 
to about 2% in g, r and i and to about 3% in u and z for objects brighter than about 20 and 19 
respectively, while the astrometric accuracy is better than 0.1" (r.m.s.) in each coordinate. The 
result is a catalogue of objects with magnitudes in five bands, positions, and shape parameters 
(e.g. Abazajian et al. 2003 and references therein). 

All L and T dwarfs are undetected in SDSS u and g, and all save the brightest are undetected 
in r. Almost all late L and T dwarfs have i — z > 2; thus candidate field brown dwarfs are selected 
from the SDSS photometry to be very red. Given the extremely red colors and low luminosities 
of these dwarfs, they are often detected only in the z band. Objects this red are rare; at the 
SDSS magnitude limits they are late L and T dwarfs, quasars at redshift greater than 5.7 (Fan 
et al. 2001, 2003) or very rare unusual broad absorption line quasars (see Hall et al. 2002), 
and their surface density is smaller than about one per 50 square degrees. As a result, z-band 
only detections arc overwhelmed by data artifacts, in particular "cosmic rays" in the z detectors. 
The winnowing of "objects" to find those that are real is an exhaustive process, consisting of 
careful analysis of the image to reject cosmic rays (which usually have imprints smaller than the 
point spread function), re-observation with another telescope at z band (usually the ARC 3.5 m 
telescope at Apache Point Observatory), and comparison with J-band observations from 2MASS 
or elsewhere. J-band photometry also allows a first judgment as to whether an object is a brown 
dwarf or a high redshift quasar. These procedures are described in detail by Fan et al. (2001, 
2003). The total area searched to date for candidate very red dwarfs in SDSS, including objects 
in our previous papers and in Table 1, is 2870 square degrees, so the surface density of T dwarfs 
found by SDSS is approximately 1 per 100 square degrees. The regions of the sky searched are 
shown by Fan et al. (2003). 

Some of the objects in the final sample presented in §4 have been found to be close binaries, 
usually from HST imaging. Such objects will be designated by "AB" attached to the names, since 
the photometric and spectroscopic observations measure the total fiux of both members. These 
known binaries are DENIS-P J0205-1159AB (Koerner et al. 1999; Leggett et al. 2001; Bouy et 
al. 2003); DENIS-P J1228-1547AB (Koerner et al. 1999; Martin et al. 1999a; Bouy et al. 2003); 
2MASS J0746+2000AB and 2MASS J0850+1057AB (Reid et al. 2001; Bouy et al. 2003); 2MASS 
J1225-2739AB and 2MASS J1534-2952AB (Burgasser et al. 2003d); and 2MASS J1553+1532AB 
(A. Burgasser, private communication, 2003). Not all of the objects in the sample have been 
imaged at high angular resolution, however, and there are likely to be more binaries among them. 
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3. New Observational Data 

3.1. Near-Infrared Photometry 

Table 2 gives new Z photometry and Table 3 new J UK photometry. The central wavelengths 
of the filter passbands are 0.95, f .25, f .64 and 2.2 /im; more details of the filters and calibration 
are given by Leggett et al. (2002a). All data were obtained on UKIRT. All Z-band data were 
obtained with UKIRT's Fast- Track Imager (UFTI, Roche et al. 2003) on the dates shown in 
Table 2. The J UK data were taken with the Mauna Kea consortium filter set (MKO-NIR) on 
the dates and with the cameras as listed in Table 3. Three cameras were used for the J UK 
observations — the InfraRed Camera (IRC AM, McLean et al. 1986), UFTI, and the UKIRT 
Imager-Spectrometer (UIST, Ramsay-Howat et al. 2000). UFTI contains a HAWAII 1024x1024 
HgCdTe detector and has a plate scale of O'.'ODl pixer^ IRCAM contains an SBRC 256x256 InSb 
detector and has a plate scale of O'.'OSl pixel'^ UIST contains an ALADDIN 1024x1024 InSb 
detector and has a choice of plate scales, either C'OBl pixel"^ or 0^'120 pixel"^. The 0^'120 pixel"^ 
plate scale was used with UIST for these JRK observations. Readout of the full IRCAM array 
was employed, but 512x512 subarrays were used with UFTI and UIST to reduce overheads (i.e. 
to increase efficiency). The fields of view were thus 20'.'7, 46'.'6 and 6l'.'4 for IRCAM, UFTI, and 
UIST respectively. 

Individual exposure times were usually 250 seconds at Z and 60 seconds at each of JHK. 
Observations were made in a three or five position dither pattern at Z, and with five or nine dither 
positions at JHK. The JHK data were calibrated using the UKIRT Faint Standards of Hawarden 
et al. (2001) translated onto the MKO-NIR system using as yet unpublished observations carried 
out at UKIRT as part of an observatory project to provide calibrators in the MKO-NIR system. 
The Z data were calibrated using unpublished UKIRT observations. These calibration data are 
currently available via the UKIRT web pages^^. 

We have investigated the effects of the different optical elements, their coatings and 
the detector anti-reflection coatings on the JHK photometric systems of the three cameras. 
Synthesizing JHK for L and T dwarfs using flux-calibrated spectra (see G02) shows that the 
differences at J are about 0.009 magnitudes for L to early T types, and 0.013 magnitudes for late 
T dwarfs. At H the differences are around 0.001 magnitudes for objects of both L and T spectral 
type. At K, the difference is 0.001 magnitudes for objects of type L, 0.003 magnitudes for objects 
of type early T, and 0.010 magnitudes for late T dwarfs. In all cases this is significantly less 
than the measurement error, so that the data from the three cameras are effectively on the same 
photometric system, defined by the MKO-NIR filter set. Transformations between this filter set 
and other widely-used JHK filter sets (e.g. the 2MASS system) are described by Stephens &; 
Leggett (2004). 



http://www.jach.hawaii.edu/JACpublic/UKIRT/astronomy/calib/fs_izjhklm.dat 
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3.2. Spectroscopy and Spectral Types 

Table 4 lists the instrument configurations for the new spectroscopic observations. All spectra 
were obtained at UKIRT using either the Cooled Grating Spectrometer (CGS4, Wright et al. 
1993) or UIST. CGS4 has a SBRC 256x256 InSb detector with (y/6 pixels. In UIST's spectroscopy 
mode the ALADDIN array has (y.'12 pixels. Individual cxposTirc times were typically 120 seconds 
for the CGS4-Z and CGS4-J settings, 60 seconds for CGS4-H and CGS4-K and 120 seconds for 
UIST-HK. The targets were nodded 7-12 arcseconds along the slit. A- or early-to-mid F-type 
bright stars were used as calibrators to remove the effects of the terrestrial atmosphere, with H I 
recombination lines in their spectra removed artificially prior to ratioing. Both instruments have 
lamps that provide accurate flatfielding and wavelength calibration. 

A log of the measured spectra is given in Table 5. We concentrated on obtaining spectra in 
the H- and K-bands, because indices in these wavelength regions can be used for a wide range of 
types (G02). Table 6 gives the derived spectral indices and the mean implied type on the G02 
scheme; the individual classifications are rounded off to the nearest 0.5 of a subclass but the mean 
type is derived from the unrounded values. Errors are given for those dwarfs with multiple indices 
which show a scatter larger than the estimated classification uncertainty of 0.5 subclasses. The 
reader is referred to G02 for examples of the spectral sequences and line identifications. Spectra 
and photometry from this and our previous papers are available on request or from our L and T 
dwarf web page^^. Note that unlike G02 wc do not incorporate red "PC3" and "Color-d" spectral 
indices for the current sample. These indices can be used for classifying dwarfs of spectral type 
L6 and earlier (G02); however, in this paper we present near-infrared data only. A future paper 
will examine red spectra where available for the sample, and investigate the wavelength-dependent 
effects of cloud condensation (see discussion later in §5.2). 

Table 6 contains 14 new T dwarfs, including one SDSS object optically classified as L8 by 
Hawley et al. (2002). The total number of T dwarfs presently known is 58, four of which are close 
binaries. The distribution of new SDSS T dwarfs is: two TO, three T1-T1.5, two T2, two T4.5-T5, 
two T5.5, two T6, and one T7. The last of these, SDSS J1758+4633, is the latest-type dwarf 
found to date in the SDSS. Nine L8-L9.5 dwarfs have been identified from new infrared spectra. 
Together with the seven new early-T dwarfs, they significantly increase the number of known 
dwarfs in the L-T transition region. Finally, the near-infrared photometry for SDSS J1649-I-3842 
and the photometry and spectroscopy for SDSS J0747-I-2937 show that they are M dwarfs. The 
CH4-K index for the latter (see Table 6) is at the limit of the G02 scheme and is very uncertain. 
These M dwarfs are not discussed further. We have not obtained infrared spectra for six of the 51 
objects listed in Table 1. 

The spectrum of 2MASS J0415— 0935 has significantly deeper H2O and CH4 bands than 
previously known T8 dwarfs and we classify it as T9; it is the latest spectral type dwarf 



http://www.jach.hawaii.edu/~skl/LTdata.html 
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presently known. Figure 2 shows the H- and K-band spectra of SDSS J1758+4833 (T7) and 
2MASS J0415-0935 (T9), in addition to our previously-pubhshed spectra of the T6 dwarf SDSS 
J1624+0029 (Strauss et al. 1999) and the T8 dwarf Gl 570D (Geballc ct al. 2001). The steady 
increase in the depths of the H2O and CH4 bands from T6 to T9 can be seen. Figure 2 suggests 
that there is room for one more T type which would have essentially zero flux at 1.45 ^m, 1.7 //m, 
and 2.25 /xm. Provisional indices for the end of the T sequence are given in Table 7. 

According to the models of Burrows, Sudarsky &; Lunine (2003), NH3 is expected to be 
detectable in the H and K spectral regions (at ~ 1.5 /xm, 1.95 fim and 2.95 fim) for Teff < 
600 K, and its presence may mark the transition to the spectral type after T — although new 
non-equilibrium chemistry models suggest that the abundance of NH3 may be reduced (Saumon 
et al. 2003). As we discuss in our companion paper (Golimowski ct al. 2004), the effective 
temperature of 2MASS J0415-0935 is ~700 K, too warm for NH3 absorption. There is no sign of 
NH3 absorption in the spectrum (Figure 2), or in any other HK spectra we have obtained to date. 

4. The Final Sample 

We have compiled a large sample of L and T dwarfs for further study by combining the new 
data presented in §3 with our previously published work (Strauss et al. 1999; Fan et al. 2000; 
Tsvetanov et al. 2000; Leggett et al. 2000, 2001, 2002a,b; Geballe et al. 2001, 2002). This final 

sample consists of 63 spectroscopically confirmed L dwarfs (59 of which have infrared spectra), 
six other possible L dwarfs measured photometrically only, and 42 spectroscopically confirmed T 
dwarfs. 

The distances to 45 of these L and T dwarfs arc known by virtue of recent parallax 
measurements or because they are companions to nearby stars with accurately-measured 
parallaxes, either from the ground (van Altena et al. 1995) or from Hipparcos (ESA 1997, 
Ferryman et al. 1997). Since the discovery of isolated L and T dwarfs, much effort has been 
devoted to the measurement of accurate parallaxes, both at optical wavelengths (Tinney et al. 
1995, Dahn et al. 2002) and recently at near-infrared wavelengths (Tinney et al. 2003; Vrba et al. 
2004) . Table 8 presents available parallaxes of L and T dwarfs for which we have obtained UKIRT 
data, together with the derived ivT-band luminosities on the MKO system. Some of the parallaxes 
are weighted mean values from more than one source, as noted in Table 8. The errors for Mk 
given in the table are the combined errors in the parallax and in the photometry. 

Table 9 summarizes our final sample of L and T dwarfs. Column 1 gives full coordinate names 
for the SDSS and 2MASS dwarfs; these are listed as footnotes for dwarfs discovered in other work 
(e.g. for Kelu-1, Ruiz et al. 1997). Column 2 lists spectral types from the following sources: 
this paper (using spectra described in Table 6 or presented by Burgasser et al. 2002a); G02; 
Kirkpatrick et al. (1999, 2000); and Burgasser et al. (2002a). The uncertainty in the assigned type 
is given if there are multiple infrared spectral indices which deviate by more than the estimated 
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classification uncertainty of 0.5 subclasses. The spectral type is also flagged if the infrared and 
optical types (Kirkpatrick et al. 1999, 2000; Hawley et al. 2002; Cruz et al. 2003) differ by more 
than 1.0 subclass. Discrepant indices, either between the optical and infrared or even within the 
infrared range, are a sign that the spectra are sampling very different regions of the atmosphere, 
as we discuss later in §5.2 and §5.7.4. Column 3 lists Mj, derived from our J measurements and 
the parallaxes in Table 8. The next two columns list the SDSS i — z and z. These values are given 
only for those objects for which cTj or cr^ < 0.2 magnitudes. They are based on the most recent 
SDSS reductions (Photo 5_4_25, July 2003) and may differ slightly from previously published 
values. SDSS photometry for non-SDSS dwarfs, where available, are included in Table 9. The 
remaining columns list z — J, Z — J, J, J — K, J — H and H — K. Some near-infrared magnitudes 
and colors are synthesized from the spectra, as noted in the table. A small number of dwarfs have 
detectable SDSS r-band fluxes; those dwarfs for which ar < 0.3 mag are given in Table 10. Note 
again that the SDSS r, i and z measurements are on the AB system, while the other magnitudes 
are on the Vega=0 system. Z is on the UKIRT UFTI photometric system while J, H and K are 
on the MKO-NIR system. 

For most of the objects in the sample, we have only single measurements of JHK. However, 
we have obtained repeat photometry for a few objects with unusual colors. For each of the following 
dwarfs two measurements were obtained that agree to within the observational uncertainties, 
and the results are simply averaged in Table 9: 2MASS J0036-I-1821 (observed on 20001205 and 
20021207); SDSS J0107+0041 (19991017, 20010124); SDSS J0830+4828 (20001119, 20001206); 
SDSS J0931+0327 (20020217, 20030104); SDSS J1104+5548 (20020109, 20031204) and SDSS 
J1331-0116 (20020109, 20020620). We have discarded data obtained on 20000314 (Leggett et al. 
2002a) for two objects. The J measurements for SDSS J1314— 0008 appear to be spuriously bright; 
we have combined the H and K data from that night with the JHK data presented in Table 3 
to produce the colors given in Table 9. All of the JHK data taken on that same night for SDSS 
J1326— 0038 appear to be discrepant and we have averaged data from 20010124 and 20030129 
in Table 9. Finally, data for two of the redder mid L dwarfs (2MASS J0028+1501 and SDSS 
J2249+0044) suggest that they may be variable at the 5%-10% level, which is not unexpected, 
given published detections of variability of L dwarfs and the possibility that non-uniform clouds 
exist in their atmospheres (e.g. Gelino et al. 2002; Enoch et al. 2003, and the discussion in §5.7). 
Including data taken with IRCAM on 20001119 that were discarded by Leggett et al. (2002a), four 
measurements exist for 2MASS J0028+1501 and three for SDSS J2249+0044. The former object 
shows variations at JHK of about 0.05 mag, while the latter object varies by about 0.1 mag at 
each of JHK. Weighted means are given for these two objects in Table 9 and the individual 
datasets are listed in the footnotes. 
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5. Discussion 

5.1. Characteristics of L and T Dwarf Atmospheres 

As effective temperatures of dwarfs eool to those of the late M dwarfs and below, two 
chemieal changes occur in their photospheres that strongly impact their emergent spectral energy 
distributions. The first to occur, for late M dwarfs, is the appearance of corundum (AI2O3) 
grains within the photosphere (Jones & Tsuji 1997) and the formation of condensate clouds. At 
the even lower effective temperatures of the L dwarfs iron and silicate are the most important 
condensates^^. The effect of the clouds is to weaken or veil the molecular absorption bands and to 
redden the JHK colors of L dwarfs (see e.g. Ackerman & Marley 2001, Allard et al. 2001, Marley 
et al. 2002, Tsuji &: Nakajima 2003). The extent of these effects depends upon the number, 
size, and vertical distribution of the condensates; for spectral modeling these parameters must 
either be computed from a model or somehow specified. Ackerman & Marley (2001) developed 
a one-dimensional model of mixing and sedimentation for this purpose. In their model upward 
vertical mixing of gas and condensate replaces condensates that fall through the cloud base, 
while far above the cloud base sedimentation efficiently cleanses the atmosphere of condensates. 
Tsuji & Nakajima (2003) model the cloud by specifying the temperature range within which the 
condensates are found. They describe their limits to be the points at which the atmosphere is 
cool enough for condensation but hot enough that the condensates are small enough to remain 
suspended in the atmosphere and are less prone to sedimentation. The temperature domain in 
which the cloud is formed depends on the details of the model used, but is around ~1500-1700 K 
(Ackerman & Marley 2001) or ~1800-2000 K (Tsuji & Nakajima 2003). In the T dwarfs the cloud 
layer lies near the base or below the wavelength-dependent photosphere and plays a smaller role 
in determining the observed flux distribution. 

The second and later chemical change that occurs in these high-pressure, low-temperature 
atmospheres is the formation of additional molecular species in the photosphere, most importantly 
CH4. CO and H2O are abundant in M dwarf atmospheres, but by mid-L the abundance of CH4 
becomes significant at the expense of CO (Noll et al. 2000). At moderate spectral resolution 
CH4 absorption is not seen in the near-infrared until temperatures drop to those of the late L 
dwarfs, at which point ii'-band CH4 features are detectable, and at TO (by definition, G02) CII4 
absorptions are seen at both H and K. The increasing CH4 absorption largely accounts for the 
increasingly blue JHK colors of the T dwarfs with later spectral type, more than compensating 
for the reddening due to the decreasing effective temperature. For dwarfs of type T5 and later, 
pressure-induced H2 becomes a significant opacity source. This opacity depresses the flux in the 
K band, and to a lesser extent the H band, and also contributes to the blue near-infrared colors. 



These condensates are frequently termed "dust", but this can be misleading since in many dwarfs the iron will 
be in the liquid phase (Lodders 1999). Hence we generally prefer the terms "condensate" to refer to grains or drops 
of the condensed phase, and "cloud" as the region in the atmosphere within which the condensed species are found. 
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For a useful summary of the important molecular species and the wavelength ranges in which they 
are observed see Figure 15 of Burrows et al. (2001). 

5.2. Clouds, Molecules and Classification Schemes 

Spectral classification schemes for L and T dwarfs have been developed using both the 
red and the near-infrared spectral regions. In the late 1990s Kirkpatrick et al. (1999) and 
Martin et al. (1999b) developed schemes using the strengths of various absorption features and 
pseudo-continuum slopes seen in optical spectra to classify the L dwarfs. A few years later, 
Burgasser et al. (2002a) and G02 presented schemes using the strengths of the near-infrared 
molecular absorption bands to classify the T dwarfs, and in the case of G02, L dwarfs also. While 
the Burgasser et al. (2002a) and G02 schemes for T dwarfs give results in very close agreement, 
the G02 scheme for L dwarfs can give results that differ by as much as 2.5 subclasses from those 
given by the Kirkpatrick et al. (1999) scheme, suggesting that there are significant differences in 
the optical and infrared classification of L dwarfs. Dwarfs in our sample whose optical and infrared 
spectral classes differ by more than one subclass are identified in Table 9. Some of the scatter 
is due to the small differences in the infrared indices from one subtype to the next, combined 
with measurement errors. However, the differences in optical and infrared spectral types are not 
entirely random. Where there are differences, G02 generally assign earlier spectral types to those 
objects that are redder than average in J — K, and later types to those which are bluer (Stephens 
2001, Figure 7.5). 

Models of L and T dwarf atmospheres give some insight into the variations seen among the 
spectral indices. Generally speaking, the spectra of L and T dwarfs are less sensitive to the effects 
of cloud decks in the 0.7-1.0 /xm spectral region than at wavelengths longer than 1/xm. This is 
because, for effective temperatures corresponding to the earliest L types, optical depth unity in 
the far-red is reached below the cloud deck, but as the cloud is still fairly optically thin it does 
not substantially influence the red spectrum. At lower effective temperatures, the clouds place 
a "floor" on the region from which the emergent flux arises, but because of the large opacity in 
the far-red due to initially refractory diatomics and water and later to K I and Na I resonance 
line absorption, most of the outgoing red flux arises from above the cloud decks. Thus for dwarfs 
with effective temperature cooler than about 1800 K (types ~L3 and later, Leggett et al. 2002a,b; 
Golimowski et al. 2004) slight changes in the cloud deck optical depth have little effect on the 
emergent red spectrum. 

In the near-infrared (particularly the Z and the J bands), the windows between the molecular 
bands of water and other opacity sources allow flux to emerge from very deep in the atmosphere. 
In these regions the opacity floor imposed by the clouds substantially alters the depth to which 
one can see into the atmosphere (see Figure 7 of Ackerman Sz Marley 2001 and Figure 4 of Marley 
et al. 2002). Thus for dwarfs with Teg in the range from about 1800 to 1500 K (roughly L3 to 
L7), slight changes in the cloud profile substantially alter the near- infrared spectrum. 
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This proposed atmospheric structure implies that spectral typing schemes for mid to late L 
dwarfs that rely on far-red spectra (e.g. Kirkpatrick et al. 1999) tend to be less sensitive to the 
vertical distribution of condensates in the atmosphere than schemes that rely upon near-infrared 
spectra or spectral indices (G02). Stephens (2001, 2003) considered the boundaries of the regions 
employed in the G02 spectral typing system and found that the flux in the G02 bandpasses usually 
originates from within the cloud decks. For the earliest L dwarfs, cloud opacity is not significant, 
but for the mid L dwarfs, the G02 1.5 fim water index can be a more sensitive indicator of cloud 
optical depth than of effective temperature. At the same time, the 2.2 ^um methane index is more 
sensitive to Tcfj than to cloud properties, since this spectral region is more opaque and optical 
depth unity is reached higher in the atmosphere. However, the classification system of G02 relies 
heavily on the 1.5 fim index, as it is the only infrared index that covers the entire L spectral 
type range. This index undergoes a much larger change through the L sequence than does the 
other useful infrared index, CH4-K. Note that G02 do not claim that defining the spectral type is 
equivalent to measuring the effective temperature; they use a simple classification scheme based 
on spectral appearance in which the effects of gravity and clouds are not separated from those of 
temperature. 

This larger sample of dwarfs also suggests some inconsistency in the infrared classification 
of late L dwarfs. While the G02 scheme provides excellent internal consistency for T dwarfs, the 
H2O 1.5 /xm index tends to give a later spectral type than does the CH4 2.2 //m index for dwarfs 
in the range L5-L9.5. This tendency was not apparent in the smaller G02 sample; the results for 
the present larger sample suggest that an adjustment of the flux ratio definitions as a function of 
spectral type for H2O 1.5 /xm and CH4 2.2 /xm in the L5-L9.5 range could give better internal 
consistency. 

5.3. Observed Color as a Function of Spectral Type 

Figure 3 plots, for the final sample presented in Table 9, various colors against spectral 
type (determined by the G02 scheme apart from four L dwarfs classified optically, see Table 9); 
typical error bars are shown. Only those dwarfs with types determined from their spectra are 
shown. Clouds strongly affect both colors and spectral types of mid L dwarfs classified from the 
near-infrared indices, as discussed in §5.1 and §5.2. This effect can be seen in Figure 3, where 
the spread in the Z through K colors is greatest from L3 to L7.5, just when the clouds in the 
detectable atmosphere are expected to be most optically thick. The overall conclusion is that 
color cannot be used as an (infrared) spectral type indicator for L dwarfs. For T dwarfs, z — J and 
J — H appear to be reasonable indicators of type. Given improved sensitivity, i — z may also be a 
useful T-type indicator. Note, however, that i — z is expected to turn blueward at Tgff ^ 600 K 
as the Na, K, and other alkalis condense into solids and the opacity of the Na and K lines falls 
(Burrows et al. 2002; Marley et al. 2002). The late T dwarfs show significant scatter in their 
H — K and J — K colors. This can be understood in terms of the onset of pressure-induced H2 
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absorption, which is very gravity sensitive (Borysow, Jorgensen & Zheng, 1997). As described in 
§5.6, we can interpret the observed spread in H — K as & range in surface gravity for the field T 
dwarf population. 

The Z — J colors of the mid T dwarfs also show considerable scatter (Figure 3). This is 
an intriguing result, because the Z and J bands arc the most transparent windows into these 
atmospheres, with the Z band being the clearer of the two. As such, these bands are particularly 
sensitive to any deep variations in opacity between atmospheres, such as might be related to the 
upper reaches of any remaining deep silicate cloud (see Figure 7 of Ackerman &; Marley 2001). 
The variation may thus be due to differences in the process (es) responsible for the removal of 
condensates at the L to T transition. Since the Z band is sensitive to the far wings of the optical 
Na-D and K I resonance lines (Burrows & Volobuyev 2003) these variations might arise from 
differences in the removal of gaseous Na and K, due to gravity or metallicity effects. More detailed 
modeling of the L to T dwarf transition and the removal of atmospheric condensates is required 
to account for these observations. 

5.4. Families of Models for Comparison with the Data 

In the remainder of this paper we compare observed colors with two varieties of models 
from Marley et al. (2002). In the first type of model, condensate opacity is ignored, although 
condensation chemistry is accounted for in chemical equilibrium and molecular opacities. We term 
these the "cloud-free" models. In the second type the effects of condensate opacity are computed 
using the Ackerman &; Marley (2001) cloud model. In these "cloudy" models the efficiency of 
condensate sedimentation is parameterized by fsed^^- When the sedimentation efficiency is high 
(large fged) both the optical depth and vertical extent of the cloud are small. In the extreme case 
of no condensate sedimentation fs^d = 0. 

5.5. J — H and H — K Colors of L Dwarfs: Unusually Red and Unusually Blue L 

Dwarfs 

Figure 4 shows J — H plotted against H — K for the L dwarfs in the sample, where spectral 
subclass ranges arc indicated by different symbols. Overlaid are cloudy model sequences with 
logy = 5 and /sed values of 3 and 5. The f^ed = 3 models match the data well, although a shift 
in modeled J — H color of about 0.15 mag would encompass many more of the data points. The 
discrepancy is likely attributable to the modeled TiO bands at J being too deep, causing the 
J-band magnitudes to be too faint and the J — H model color to be too red. Whether this is 



Ackerman & Marley (2001) employed the parameter "/rain" to describe the efficiency of condensate sedimentation 
in a brown dwarf atmosphere. Strictly speaking, "rain" is falling water, and this term has now been replaced by /sed- 
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a shortcoming in the chemical equihbrium calculation or the molecular opacities themselves is 

as yet unclear. Log g =4 models make the H — K colors bluer, in better agreement with the 
data, but this is an unlikely gravity for these field dwarfs. (Burrows et al. 1997 show that if 
Tefr=1500-2200 K and age=l-5 Gyr then log g >5.0.) 

The detailed distribution of most of the data points in this color-color space is challenging 
to interpret as both the models and the observations show that J — H and H — K first become 
redder and then bluer with falling Teg. Thus the colors double back on themselves. Despite the 
scattered distribution, some extreme objects stand out. The L7.5 dwarf 2MASS J2244+2043 
and the L5.5 dwarf SDSS J0107+0041 are quite red in both colors. This may imply that their 
condensate cloud decks are more optically thick than average, which could arise from either less 
efficient sedimentation (/sed ^ 2) or higher metallicity. 

Our sample also includes four late-type L dwarfs — SDSS J0805+4812, SDSS J0931-H0327, 
SDSS J1104-I-5548 and SDSS J1331— 0116 — that are unusually blue for their spectral types. As 
shown in Figure 3, they are bluer than average at J — if by about 0.2 mag and at H — K hy 
about 0.1 mag. Applying the shift to the models described above of about —0.15 in J — H, Figure 
4 suggests that these dwarfs are better described by the /sed = 5 models, i.e. the sedimentation 
efficiency is high and the cloud optical depth is small. The spectral indices for all four of these 
objects show a large range - the if-band indices imply a late type of L9 to Tl while the ii'-band 
index gives an earlier type of L5.5-7.5 (the J-band index only implies a type earlier than TO). 
Our spectra show that they have enhanced FeH, K I and H2O absorption (although the spectrum 
of SDSS J1104+5548 is noisy). Figure 5 shows the J-band spectra for SDSS J0805+4812, SDSS 
J0931-F0327 and SDSS J1331-0116 bracketed by more typical L5.5 and L9 dwarfs. Gorlova et 
al. (2003) and McLean et al. (2003) show that the equivalent widths of the J-band FeH and 
K I features peak at spectral types around L3 and then become smaller as the Fe condenses 
into grains and K is lost to KCl. The strengths of these features in SDSS J0805-F4812, SDSS 
J0931-I-0327 and SDSS J1331— 0116 are similar to those of the early L types, while their H2O 
bands are more typical of the latest L dwarfs, supporting the interpretation that we are looking 
deep into unusually condensate-free atmospheres. The possibility of low metallicity should also be 
considered. Burgasser et al. (2003a) identified a late L dwarf (2MASS J05325346-h8246465) whose 
extremely blue near-infrared colors are similar to those of the mid T types. This high velocity 
dwarf appears to be an extremely metal-poor halo subdwarf with strong FeH features as well as 
H2 absorption which depresses the H and K band fluxes. Cruz et al. (2003) identify two early L 
dwarfs (2MASS J1300425+191235 and 2MASS J172139+334415) that are bluer than average at 
J — K by about 0.2 mag. As condensate clouds are optically thin for early L dwarfs, and these 
dwarfs have significant proper motion, they may also be part of a low-metallicity population. 
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5.6. J — H and H — K Colors of T Dwarfs: Gravity and Mass Determinations 

The H — K and J — K colors of T5-T9 dwarfs are scattered (Figure 3) , even though the H- 
and if -band indices of G02 yield consistent classifications. Figure 6 shows J — H against H — K 
for the T dwarfs in the sample with sequences from the cloud-free and cloudy /ged = 5 models by 
Marley et al. (2002) overlaid. The synthetic H — K colors for the late T dwarfs, and the range in 
color over a plausible range of gravities of log g = 4.5-5.5, reproduce the observed colors extremely 
well. 

Gl 570 D provides a further test for the model/data correspondence shown in Figure 6. 
Geballe et al. (2001) fit models to the absolute luminosity of Gl 570 D and used age constraints 
to find Tgff = 784-824 K and a surface gravity in the range 5.00-5.27. This gravity range is 
consistent with that implied by Figure 6. The effective temperature implied by Figure 6, however, 
is high by about 150 K. Although Geballe et al. (2001) found that their best fitting models 
generally reproduced the JHK spectrum of Gl 570D quite well, there were notable discrepancies. 
In particular the notorious inadequacy of the H-hanA methane opacity database and the tendency 
of all clear- atmosphere models to overestimate the water-band depths limit the fidelity of the fit. 
These deficiencies both result in the best-fitting temperature contours in Figure 6 being somewhat 
too warm. 

Further, the trends shown in Figure 6 may break down for lower temperatures. One interesting 
challenge is the T9 dwarf 2MASS J0415— 0935, the latest and coolest T dwarf currently known, 
with Teff ~700 K (Golimowski et al. 2004, Vrba et al. 2004). Figure 6, 8 and 9 show that instead 
of being bluer in J — H, H — K and J — K than Gl 570D, it is redder, by 0.2 magnitudes, in J — if. 
While models by Marley et al. (2002) and Burrows et al. (2003) predict that, indeed, the coolest 
dwarfs will become redder in J — if with falling Tcfj and the onset of water cloud formation, this 
happens only for models with Tgff <^ 500 K unless the brown dwarf is older than 7 Gyr and more 
massive than 40 Mjupiter- The condensation of the alkalis into their solid chloride forms may also 
lead to redder colors at these kind of temperatures (Lodders 1999, Marley 2000, Burrows et al. 
2003). 

Despite these discrepancies, the overall trends seen in Figure 6 can be understood in the 
context of our presently limited understanding of brown dwarf atmospheres. At the effective 
temperatures of late T dwarfs, the if -band flux is very sensitive to gravity. This is because the 
opacity of pressure-induced H2 absorption is proportional to the square of the local gas number 
density. Higher gravity objects of a given Tes tend to be cooler at a given pressure than lower 
gravity dwarfs, and thus have denser, more opaque, atmospheres. Hence high gravity objects 
tend to be dimmer at if and bluer in if — if than comparable lower gravity objects. 2MASS 
J0937-I-2931 shows a particularly depressed if -band flux, standing out in Figure 6, presumably due 
to strong H2 opacity (Burgasser et al. 2002a). Structural models imply an upper limit to log 51 of 
5.5 for brown dwarfs (e.g. Burrows 1997) and therefore Figure 6 suggests that 2MASS J0937-I-2931 
may be both a high gravity and a low metallicity dwarf, as also suggested by Burgasser et al. 
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(2003b). While H2 opacity is also enhanced by decreasing metallicity (e.g. Saumon et al. 1994, 
Borysow et al. 1997), variations in metallicity are less likely than variations in gravity for this 
sample of local field brown dwarfs. 

H — K appears to be an easy to obtain and straightforward indicator of gravity for late T 
dwarfs. This is significant as, for a field sample with a likely range in age of 1 5 Gyr (Dahn et 
al. 2002 estimate 2-4 Gyr based on kinematic arguments), gravity corresponds directly to mass. 
This tight relationship is due to the small dependence of radius on age or mass for brown dwarfs 
older than about 200 Myr (Burrows et al. 2001). Figure 9 of Burrows et al. (1997) shows that 
log g = 4.5 implies a mass of 15 Mjupiter, log 5 = 5.0 a mass of 35 Mjupiter, and log 5 = 5.5 a mass 
of 75 Mjupiter- We list the H — K implied surface gravities for the later T dwarfs in Table 11. 

Recent investigations of spectroscopic gravity indicators for L and T dwarfs include those by 
Lucas ct al. (2001), Burgasscr ct al. (2003b), Gorlova ct al. (2003), Martin &; Zapatero Osorio 
(2003) and McGovern et al. (2004). Figure 2 of Martin &: Zapatero Osorio shows synthetic spectra 
for Teff =1000 K from COND models by Allard et al. (2001). The models imply that the lines of 
K I at 1.243 and 1.254 jim become weaker with increasing gravity for T dwarfs^^. Figure 7 shows 
J-band spectra of three T6(±0.5) dwarfs (SDSS JlllO+0116, 2MASS J2339+13 and 2MASS 
J0937+2931) and two T8 dwarfs (2MASS J0727+1710 and Gl 570D). These dwarfs span a range 
\n H — K color and are identified in Figure 6. It can be seen that as H — K increases from top to 
bottom in Figure 7, the K I lines strengthen, supporting the interpretation of increasing H — K 
as being due to decreasing gravity. The increase in K I equivalent widths for these dwarfs is 
confirmed by the higher resolution NIRSPEC data of McLean et al. (2003). 

Comparison of our Figure 7 with Figure 2 of Martin &: Zapatero Osorio (2003) shows that 
the depths of the K I lines seen in 2MASS J0937+2931 are similar to the model predictions for 
log g ~5.5, and that the lines seen in SDSS JlllO+0116 are almost as strong as the synthetic 
spectrum with log g ~3.5. Figure 6 and the models of Marley et al. (2002) imply that SDSS 
JlllO+0116 has log g between 4.0 and 4.5. There is as yet no direct measurement of the effective 
temperature of this dwarf, but the effective temperatures of other T6 dwarfs are in the range 
900-1075 K (Golimowski et al. 2004). If SDSS JlllO+0116 has Teg ~ 1000 K and \ogg w 4.2, the 
evolutionary models of Burrows et al. (2003, their Figure 1) imply that it is a 10 Mjupiter brown 
dwarf with an age of about 1x10^ years, i.e. similar to that of the Pleiades cluster. However we 



Theoretically this is explained by the fact that the column abundance of molecules above a given pressure level P 
in an atmosphere is proportional to P/ g, where g is the gravity. In a higher gravity atmosphere an outside observer 
must, all else being equal, look to higher pressure to observe the same column of absorber as in a lower gravity 
atmosphere. The calculations of Lodders (1999) show that with rising pressure at a fixed temperature chemical 
equilibrium increasingly favors KCl over K. Thus in a higher gravity atmosphere the total column of potassium above 
the floor set by the continuum opacity is less than in a lower gravity model. The sensitivity to gravity should be 
greater in later T (lower Tea) atmospheres since the line forming region (roughly 1000 and 1500 K in the 1.15 and 
1.25 /^m regions respectively) falls closer to the chemical equilibrium boundary than for earlier T dwarfs (see Figure 
2 of Lodders 1999). In addition higher pressures produce greater line broadening, thus decreasing the line depth. 
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argue in §5.7.4 that one might shift the model contours on Figure 6 up and to the right to bring 

them into better agreement with observed J — K and measured effective temperatures. In that 
case SDSS Jl 110+01 16 would have a somewhat larger gravity, mass, and age. We thus adopt a 
more conservative estimated mass of 10 - 15 Mjupiter and an age of 1 - 3 x 10® years. We note also 
that the candidate young-cluster T dwarf S Ori 70 has an unusually red H — Kg color (Zapatero 
Osorio et al. 2002) apparently consistent with log 5 < 4. 



5.7. Absolute Magnitudes: The L/T Transition 

It has been apparent since the earliest discoveries of L and T dwarfs that L-type objects 
evolve into T-type objects as they cool. With decreasing effective temperatures the condensation 
level for the principle L dwarf condensates (iron and silicates) falls progressively deeper in the 
atmosphere. Unless upward mixing is very efficient, the clouds will eventually disappear beneath 
the photosphere, whose location is strongly wavelength-dependent for these objects. Both the 
general evolutionary cooling trend and the removal of condensates produce lower atmospheric 
temperatures; under these conditions the equilibrium chemistry rapidly begins to favor CH4 over 
CO as the dominant C-bearing species. With less photospheric condensates to veil the molecular 
bands and the growing importance of CH4 opacity in the K-hand, the objects turn to the blue 
m. J — K. Marley (2000) employed a simple, one scale-height thick cloud layer to demonstrate 
that the sinking of a finite cloud deck explains the red to blue transition in J — i^. This was 
subsequently confirmed by models employing more elaborate cloud models (Marley et al. 2002; 
Tsuji 2002; Allard et al. 2003). 

The absolute magnitudes presented here can be used to better understand this behavior. 
Figures 8 and 9 show, respectively, absolute J and K magnitude against spectral type and J — K 
color. A fifth order polynomial fit is shown to absolute magnitude against spectral type and the 
coefficients of the fit are given in Table 12. Known binaries were removed from the sample before 
fitting the data; the mean scatter around the fit is 0.4 magnitudes for Mj and 0.3 magnitudes for 

As noted by Burgasser et al. (2002b) these data suggest that the L to T dwarf transition may 
be more complex than implied by the picture of a continuously sinking cloud. The most notable 
discrepancy between the simple picture and the data shown in these figures is the brightening seen 
at J-band as the objects transition from L to T. In this section we summarize various suggested 
mechanisms to explain this behavior and compare their predictions to the photometric data 
presented here. 



-18- 



5.7.1. Thin Cloud Decks 

A finite-thickness cloud deck forming progressively lower in the atmosphere will eventually 
disappear from sight. In the opposite extreme, dust that is well mixed through the entire 
observable atmosphere, as in the DUSTY models of the Lyon group (e.g. Allard et al. 2001), will 
by definition never disappear. Models of such objects show that they simply become progressively 
redder as they cool and thus, due to veiling of the changing molecular bands, never exhibit an L 
to T transition. 

Although models with finite-thickness cloud decks do move from red, L-like colors to blue, 
T-like colors, they tend to do so relatively slowly. This is because the cloud always has a finite 
thickness and thus does not disappear from a given bandpass instantaneously. During the time 
the cloud is departing, say from J-band visibility, the overall atmosphere is continuing to cool and 
become fainter. Thus in a color magnitude diagram (Figures 8 and 9) models with finite-thickness 
clouds that are opaque enough to reach the colors of the latest L dwarfs ( J — ~ 2) tend to 
leisurely turn to the blue as they cool and so reach the colors of the early T dwarfs at too faint 
magnitudes. The /sed = 3 model in Figure 8 is an example. 

Tsuji & Nakajima (2003) proposed an interesting solution to this problem. They found a 
family of models with relatively thin cloud decks in which the turnoff from red to blue \n J — K 
was a function of gravity. In these models low-gravity 10 Mjupiter objects depart from what might 
be called the "L-type cooling sequence" (the progressive reddening m. J — K with later spectral 
type) and turn from red to blue at a point almost 2 magnitudes brighter than high-gravity 70 
Mjupiter objects. A similar, though less extreme, bright turn off is seen in the /sed = 5 family 
of models in our Figures 8 and 9. Tsuji & Nakajima then suggest that there is not a single 
evolutionary path in which objects first fade at J band as they get redder and then brighten as 
they turn blue. Rather they propose that the brighter transition T dwarfs are low mass objects 
that cooled to mid-L type and then turned from red to blue colors around Mj ~ 13.3. Dimmer 
transition objects would represent intermediate-mass brown dwarfs that turned off the L cooling 
sequence at a later L type and redder J — K, and and the latest Ls would represent the highest 
mass objects. 

This model makes a number of interesting predictions. First, the Mj vs. J — K phase space 
between the L and T dwarfs should eventually be found to be fairly evenly populated both at 
brighter and fainter magnitudes than is shown by the transition objects detected to date. Second, 
bright early T dwarfs, like SDSS J1021-0304 (T3) or 2MASS J0559-1404 (T4.5) should be fairly 
low mass objects while the latest and reddest L dwarfs, like 2MASS J1632-I-1904 (L7.5), should be 
fairly high mass objects. Emerging gravity indicators should be able to test this hypothesis. 
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5.1.2. Patchy Clouds 

Plotted in the right panels of Figures 8 and 9 are model sequences from Marley et al. (2002). 
Both cloud-free and cloudy models are shown, the latter with sedimentation parameters fsed = 3 
and 5. For the fsed = 5 and the no-cloud models, 3 gravities are shown (log 3 = 4.5, 5, and 5.5). 
Only log 5 = 5 is shown for fsed = 3. Model effective temperatures arc given on the right axis of 
Figure 9. The general agreement between the observed L colors and the fsed = 3 models seen in 
Figures 4, 8 and 9, suggests that the JHK colors of the L dwarfs can be explained by a uniform 
global cloud model. The cloud's vertical extent and optical depth are limited by sedimentation. 
Models with much less or much more efficient sedimentation would be generally be too red or 
too blue, respectively, than most of the L dwarf population. However the existence of a few 
dwarfs that are redder and a few that are bluer than most (§5.5) implies that about 10% of the 
L dwarf population would require more extreme models. These variations could arise from either 
metallicity or sedimentation efficiency differences between objects. 

However, the /scd = 3 models turn too slowly to the blue and reach the colors of the bluest 
T dwarfs at J band magnitudes that are too faint. Faced with this difficulty of finite cloud layers 
taking too long to disappear in models like those of Tsuji & Nakajima (2003), Burgasser et al. 
(2002b) propose a different mechanism for the L-to-T transition. Drawing on a suggestion from 
Ackerman & Marley (2001), Burgasser et al. (2002b) propose that the L to T transition region is 
marked by the appearance of holes in the global cloud deck, not Tinlike those seen in the "5-;um hot 
spots" on Jupiter. Deeply-seated flux, particularly in the clear Z and J windows would then pour 
out of these holes, pushing the disk-integrated color to the blue. Indeed Burgasser et al. (2002b) 
found that a relatively small fraction of holes would appreciably move a late L-type object towards 
the blue in J — K. They argued that such a mechanism would explain the brightening observed at 
Z and J, and not at other bands, across the transition, and also the observed resurgence in FeH 
absorption from the latest Ls to the early to mid Ts. 

To illustrate the effect such holes might have, we have joined with a dotted line the 
magnitudexolor values for the cloudy and cloud-free models at Tcs = 1300 K in both Figures 8 
and 9.^'' The agreement between the datapoints for Tl to T3 dwarfs and the cloudy to cloud-free 
interpolations in Figures 8 and 9 is generally good. The parameters Teg = 1300 K and \ogg = 
4.5-5.5 appear to bracket the known transition objects in these plots, in fair agreement with 
Golimowski et al. (2004) who show that there is an apparent plateau at Tes ~ 1450 K for types 
L7 to T4. The cloud clearing model simply posits that at a given effective temperature the 
global cloud deck begins to break up, perhaps because it has settled sufficiently deeply into the 
convection zone that it becomes subject to the global circulation pattern. The observed constancy 
of Tgff across the transition is not required by this hypothesis, although it does raise problems for 



^ Note that Burgasser et al. presented a slightly more sophisticated interpolation, computing colors using a weighted 
sum of flux produced by clear and cloudy temperature proflles. The straight lines in Figures 8 and 9 are reasonable 
approximations to their "clearing models" . 
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the Tsuji &; Nakajima (2003) suggestion of continuous cooling across the transition. 

If the clearing does happen over a narrow temperature range, with a large spectroscopic 
change occurring over a small change in temperature and luminosity as the brown dwarf cools, 
we would not expect to discover many early T dwarfs. However about one-third of our T dwarf 
sample is made up of types T0-T3.5, with a possible dearth of T3-4 types (Figure 3). A study of 
the spectral type distribution in an SDSS magnitude-limited sample will be the subject of a future 
paper (Collinge et al. 2002). 

5.7.5. Sudden Downpour 

Rather than relying on spatial inhomogeneities, Figures 8 and 9 suggests a third possibility 
for the L to T transition, which we term the "sudden downpour" model. The fsed = 3 models 
do a reasonably good job of reproducing the colors of the latest L dwarfs. Like the thin Tsuji 
&; Nakajima (2003) cloud, models with more efficient sedimentation (larger /scd) turn off the L 
dwarf cooling track sooner (at brighter magnitudes) than seems to be consistent with the available 
data. However, one might argue that L dwarfs first cool at essentially constant fsed, then at 
around Teff = 1300 K, fg^d begins to gradually increase from ^ 3 to infinity at roughly fixed 
effective temperature. This rapid increase in the efficiency of sedimentation would, in essence, 
produce a torrential rain of condensed iron and silicate grains. Unlike the Tsuji &; Nakajima 
(2003) mechanism this would begin at the late L spectral type for all masses. Tl to T4 dwarfs 
would represent different stages of this cloud thinning process. Figures 8 and 9 shows where the 
fsed = 5 models would lie, for example. Once grains are essentially completely removed from the 
atmosphere the object would continue to evolve and cool. 

A useful diagnostic for evaluating the various transition models may be gravity. The sudden 
downpour mechanism, for example, would predict that the T3.5 dwarf SDSS J1750-I-1759 (see 
Figure 8) would have log 5 ~ 5.4. Evolution tracks for the patchy cloud model curve downward 
at blue J — K compared to the straight lines shown in the figure and thus this model would 
predict a smaller gravity, say log 5 = 5. On the other hand, Tsuji &; Nakajima (2003) would 
predict that since this relative bright T dwarf has already made the transition to blue J — K, 
it must be relatively low in mass and have a substantially lower gravity, say logg = 4. There 
are also gravity tests among the late L dwarfs, although these are more subtle since all of the 
models would predict that the faintest and reddest L dwarfs will have progressively higher masses. 
Tsuji & Nakajima (2003) predict that the lowest mass dwarfs turn to the blue relatively early. 
The downpour model also predicts that lower masses turn blueward earlier than higher masses as 
can be seen by studying the tracks for the various gravities in the fg^d = 5 case. However this 
turn off happens at later spectral types than in the Tsuji & Nakajima model and is accompanied 
by a subsequent brightening in Mj. For example the L7 dwarf labeled in Figure 8 could have 
log 5 > 4.8 under the cloud clearing and downpour models, but Tsuji & Nakajima (2003) would 
predict a higher minimum gravity, likely around 5.3 or so. Certainly there are hints in Figure 8 
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that there is a width in Mj to the transition and this will facilitate such tests. 

There are also other diagnostics to consider. The patchy-cloud model straightforwardly 
accounts for the resurgence seen in FeH absorption across the transition (Burgasser et al. 2002b) , 
and it is not clear that other models can account for this. Clearly more modeling of all mechanisms 
must be completed to better define gravity and other diagnostics of the transition mechanism. 
Unfortunately gravity indicators among the late L and early T field dwarfs are elusive and it 
may be difficult to use them to definitively test the models. (One might expect that the Li test 
(Martin, Rebolo &; Magazzu 1994) could be used to identify high gravity dwarfs since only brown 
dwarfs more massive than 0.06 M© will have burned Li during their evolution. As a practical 
matter, however, the Li line at 0.6708 fiva in late L and early T dwarfs is detectable only with the 
largest telescopes due to the lack of continuum flux in this region. Also, in T dwarf atmospheres 
LiCl and LiOH become the dominant Li bearing molecule (Lodders 1999) and these species are 
currently undetectable.) Self consistent evolutionary models be developed as well as mechanisms 
to explain the onset of either patchiness or varying f^ed a particular Teff . We plan to more fully 
explore these issues in a future paper. 

5.7.4- Additional Considerations 

Discrepant objects to note in Figures 8 and 9 are Kelu-1 (L3), SDSS J0423-0414 (TO) and 
2MASS J0415-0935 (T9). 2MASS J0415-0935 is significantly redder in J - K than the models 
would predict, as discussed in §5.6. Kelu-1 and SDSS J0423— 0414 are both superluminous by 
about 0.75 magnitudes, suggesting that they may be pairs of identical dwarfs in unresolved binary 
systems. Kelu-1 has been imaged by HST and by Keck, with no evidence of duplicity found 
(Martin et al. 1999a; Koerner et al. 1999), while SDSS J0423-0414 has not been imaged at high 
resolution to our knowledge. Cruz et al. (2003) classify this dwarf as L7.5 using red spectra; 
however, CH4 bands are clearly seen in the G02 spectrum (Figure 3 in G02), and the bolometric 
correction (i.e. ratio of K-hanA flux to total luminosity) is more compatible with an infrared 
classification of T than L (Golimowski et al. 2004). Although it has been suggested that this 
object consists of a late L and early T close pair (Burgasser et al. 2003b) a discrepancy between 
the optical and infrared types is not unexpected. As described in §5.2, different wavelength regions 
probe different levels of the photosphere. It is likely that the optically derived spectral types are 
more representative of effective temperature, and as Golimowski et al. (2004) show that there is 
an apparent plateau at Tcfj ~ 1450 K for types L7 to T4 we would expect optical types to be 
earlier than infrared types for the L/T transition objects. The earlier optical classification is in 
fact observed for six L8 to TO dwarfs in our sample, as indicated in Table 9. 

Although the clear atmosphere models do a good job of reproducing the colors of the later 
T dwarfs in the J — H : H — K diagram (Figure 6), they tend to predict bluer J — K colors 
for these objects than is observed (Figures 8 and 9). This seems to be a generic problem with 
clear models (see also Tsuji & Nakajima 2003). The J — K result implies that the model tracks 
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shown in Figure 6 should shde up and to the right, consistent with the suggestion in §5.6 that 
the temperature contours are too warm. Because of the overall shape of the model contours the 
quality of the fit in J — H : H — K would remain about the same. The discussion of the gravity 
signature seen in if — K is still qualitatively valid, although SDSS JlllO+0116 would be expected 
to have a somewhat higher gravity. 

Finally, we consider detectability limits for SDSS using Figures 3, 8 and 9. Many SDSS 
T dwarfs have to be selected as 2;-only objects and they are either not detected or only barely 
detected at i (see Table 1). The nominal (5cr, better than 1.5" seeing) z detection limit is 20.8, and 
the faintest SDSS T dwarf discovered to date is close to this Umit, at 2; = 20.4. Since the colors of 
late (e.g. T8) dwarfs are z — J f«3.8, the corresponding J limit is ~16.6; Table 9 therefore indicates 
that SDSS should be able to detect T9 dwarfs to 10 pc. The latest SDSS dwarf discovered to date 
is a T7, but we anticipate that some later types will be found. 

6. Summary 

We have presented new near-infrared photometry and spectroscopy for cool dwarfs from two 
sources: new very red objects from SDSS and known L and T dwarfs from SDSS and 2MASS. We 
have obtained new JHK photometry for 71 L and T dwarfs (53 from SDSS and 18 from 2MASS), 
Z photometry for 7 2MASS objects, and spectroscopy of 56 L and T dwarfs (45 from SDSS and 11 
from 2MASS). The spectral types have been obtained using the classification scheme of G02 which 
uses four molecular band indices at J, H and K. The combined data from this and our previous 
papers are analyzed. Absolute magnitudes are available for 45 late-type dwarfs thanks to recent 
parallax measurements. The relationships among color, absolute magnitude and spectral type are 
compared with model atmospheres with and without clouds. The major results and conclusions 
are as follows. 

• Of the 44 new SDSS targets for which infrared spectra were obtained, one is an M dwarf, six 
are L dwarfs previously reported by Hawley et al. (2002) and Cruz et al. (2003) which are 
also classified as L in the G02 scheme, 23 are new L dwarfs, and 14 are new T dwarfs (one of 
which was classified as late L from optical spectra by Hawley et al. 2002) . The new T dwarf 
sample consists of seven T0-T2 and seven T4.5-7 types, and we also identify nine L dwarfs 
with type L8 and later. These observations add significantly to the sample of L/T transition 
objects, and bring to 58 the total number of published T dwarf systems. 

• We provide provisional indices on the G02 scheme for the end of the T spectral sequence. 
The spectral type of 2MASS J0415— 0935 is T9; it is currently the coolest known dwarf, with 
an effective temperature of ~ 700 K (Golimowski et al. 2004, Vrba et al. 2004). 

• As recognized previously, the relatively muted colors of the L dwarfs (compared to models 
in which there is no sedimentation) imply that silicate and iron cloud optical depths are 
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limited by condensate sedimentation. 

• As noted in previous work, the JHK colors of mid to late L dwarfs show a large scatter 
within a given spectral type. The JHK colors are reasonably reproduced by models which 
incorporate cloud formation with a modest range of condensate sedimentation efficiencies 
(or equivalently cloud optical depth). About 10% of the dwarfs in our sample seem to either 
be substantially bluer or redder than a modest range in /scdi of about 3 to 4, would predict. 
This suggests that cloud properties are generally similar, but can differ, among L dwarfs. 

• The reddest and bluest L dwarfs show a scatter in the infrared spectral indices, and there 
can also be significant differences between the spectral types determined using optical and 
near-infrared spectra. The differences between indices can be understood in terms of the 
depths probed by the different wavelength regions. 

• The near-infrared colors of T dwarfs become rapidly bluer towards later types. However, 
beyond about T5, these colors, especially H — K, show large scatter. This is correlated 
with the equivalent width of the J-band K I doublet absorption, strongly suggesting that 
the H — K color is gravity-dependent. Model atmospheres show that the K-hand flux is 

depressed by H2 absorption and that at a given effective temperature H — K becomes bluer 
with increasing gravity. As intermediate age T dwarfs all have essentially the same radius, 
H — K is a, good indicator of mass for field T dwarfs of a given spectral type. 

• The implied masses of almost all of the T dwarfs in the sample are 15 - 75 Mjupiter- The 
T5.5 dwarf SDSS JlllO+0116 appears to have a particularly low mass (10 - 15 Mjupiter) 
with an inferred age of about 1 3x10^ years. 

• The absolute magnitude-spectral type relationship for L and T dwarfs shows a mostly steady 
decline towards later spectral type, from Mj 11.5, Mk ~ 10.5 at LO to Mj ~ 16.5, Mk 
~ 17 at T9. There is a peak or plateau, depending on wavelength, in absolute magnitude 
between types L7 and T4 (where Teg «il450 K, Golimowski et al. 2004). Models (e.g. 
Burgasser et al. 2002b) which invoke an onset of some type of modification to the vertical 
or horizontal extent of the cloud at a fixed Tcfj seem to better explain this observation than 
models which assume continuous sinking of a cloud that is spatially and vertically uniform 
over time. Additional observational tests of the various cloud disruption possibilities are 
needed. 
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Fig. 1. — The SDSS z finding charts of the new dwarfs hstcd in Table 1. The side of eaeh finding 
chart is 120". The large direction arrow points north, with east 90° counterclockwise from north. 
The object is indicated by the smah arrow. [THUMBNAIL ONLY FOR COMPLETE CHART 
SEE JPEGS UNDER POSTSCRIPT OPTION.] 
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Wavelength fim 



Fig. 2.— Normalized H and K spectra (R«400) for, from top to bottom, SDSS J1624+0029 
(T6), SDSS J1758+4633 (T7), Gl 570D (T8) and 2MASS J0415-0935 (T9). The spectra for SDSS 
J1624+0029 (Strauss et al. 1999) and Gl 570D (Geballe et al. 2001) are shown as dotted lines. 
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LO L5 TO T5 
Spectral Type 

Fig. 3. — Colors as a function of spectral type. Note that SDSS i and z measurements are on the 
AB system, while the other magnitudes are on the Vega = system. Z is on the UKIRT (UFTl) 
photometric system while JHK are on the MKO-NIR system. Points of low signal-to-noise ratio are 
not plotted. Typical error bars are shown as well as those for dwarfs with spectral type uncertainty 
larger than one subclass. Data points for the four unusually blue late L dwarfs are ringed (§5.5). 
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Fig. 4. — J — H YS. H — K for the L dwarfs in Table 9. Model sequences (Marley et al. 2002) are 
shown for fged = 3 (solid line) and f^cd = 5 (dashed line), log g = 5.0, cloudy atmospheres. Teff is 
indicated in units of 100 K along the /scd = 3 sequence. Dwarfs with extreme colors are identified, 
data points for four unusually blue late L dwarfs are ringed. A typical error bar is shown. 
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Wavelength /xm 



Fig. 5. — J-band spectra (R«600) for three of the four unusually blue late L dwarfs, bracketed by 
more typical L5.5 and L9 dwarfs. We identify the strong FcH features at 0.99 and 1.19 ^m, K I 
lines at 1.169, 1.177, 1.243 and 1.252 ^um, and H2O bands around 1.15 and 1.33 /xm. See Gushing 
et al. (2003) for a more complete identification of FeH features. 
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Fig. 6. — J — H vs. H — K for the T dwarfs in Table 9. Model sequences from Marley et al. (2002) 
are shown for /ggd = 5 and log g = 5.0 cloudy models (dashed line) and cloud-free models (solid 
line) where from left to right log g = 5.5, 5.0, 4.5 and 4.0. Tgff is indicated in units of 100 K and for 
the cloud-free models dotted lines indicate constant Teff. The typical error is shown at the bottom 
right, and the sequence of spectral type is shown. Dwarfs of particular interest are labelled (see 
§5.6). For field T dwarfs, gravity correlates with mass, and the range in log g shown here translates 
into masses 75, 35, 15 and 5 Mjupiter from left to right. 
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Fig. 7. — Normalized J-band spectra (R~600) for a sample of T6(ib0.5) dwarfs (left) and T8 
dwarfs (right). The location of K I doublets are shown by the dotted lines. The dwarfs have H — K 
increasing from top to bottom, and the K I features strengthen from top to bottom, supporting 
the conclusion that log g decreases from top to bottom. 
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Fig. 8. — Mj as a function of spectral type and J — K color. Error bars are shown where the 
distance modulus is uncertain by > 0.1 mag and where type is uncertain by >1 subclass. Known 
binaries are indicated by ringed symbols. In the left panel the known binaries and other apparently 
superluminous dwarfs are labelled, as well as the two faintest dwarfs. A 5th order polynomial fit 
to Mjitype is shown (coefficients arc given in Table 12). In the right panel all objects with types 
between L7 and T4.5 are identified. Model Mj against J — K sequences are shown for /sed = 3, 
/sed = 5 and cloud-free models from Marley et al. (2002). The dotted lines between the triangles 
connect the Tes = 1300 K points on each model sequence (see discussion in §5.7). 



-40- 




Fig. 9. — Mk as a function of spectral type and J — K color. Error bars are shown where the 
distance modulus is uncertain by > 0.1 mag and where type is uncertain by >1 subclass. Known 
binaries are indicated by ringed symbols. In the left panel the known binaries and other apparently 
superluminous dwarfs are labelled as well as the three faintest dwarfs. A 5th order polynomial 
fit to Mft::type is shown (coefficients are given in Table 12). In the right panel all objects with 
types between L7 and T4.5 are identified. Model Mk against J — K sequences are shown for 
/sed = 3, /sed = 5 and cloud-free models from Marley et al. (2002). The dotted lines between the 
triangles connect the Teff = 1300 K points on each model sequence. Effective temperatures from 
the log g = 5.0 models are shown on the right axis, where Teff = 1500-1900 K correspond to the 
/sed = 3 models and TgS = 800-1300 K correspond to the cloud-free models. 
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Table 1. New Confirmed Late-M, L, and T Dwarfs from SDSS 



Object i (Ji z az 



SDSS 


J000013, 


.54+255418 


.6 


25 


.59 





.56 


18 


.48 


0.04 


SDSS 


J000112, 


.18+153535 


.5 


20 


.29 





.04 


18 


.55 


0.03 


SDSS 


J001608, 


.44-004302. 


.3 


21, 


.11 


0, 


.11 


19, 


.34 


0.07 


SDSS 


J012743, 


.50+135420. 


.9'' 


22 


.27 


0, 


.17 


19. 


.62 


0.07 


SDSS 


J020333, 


.26—010812. 


.5 


22 


.76 


0. 


.36 


20. 


.36 


0.15 


SDSS 


J020735, 


.60+135556. 


oa 


19. 


O A 

.84 


0. 


.03 


18. 


.06 


0.02 


SDSS 


J 035448, 


.73—002742. 


.1 


21 


.63 


0. 


.10 


19. 


.61 


0.07 


SDSS 


J040100, 


.96-060933. 


.0 


22 


.93 


0, 


.49 


20, 


.19 


0.20 


SDSS 


J074007, 


.30+200921. 


.9 


22 


.91 


0, 


.34 


19, 


.78 


0.08 


SDSS 


J074149, 


.15+235127. 


.5 


24, 


.88 


0, 


.39 


19, 


.65 


0.05 


SDSS 


J074201, 


.41+205520, 


.5 


23 


.85 





.75 


19 


.28 


0.05 


SDSS 


J074719, 


.71+293748. 


.6 


21 


.64 


0, 


.10 


19, 


.91 


0.08 


SDSS 


J075515, 


.26+293445. 


.4 


21 


.73 


0, 


.18 


19, 


.40 


0.07 


SDSS 


J075656, 


.54+231458, 


.5 


22 


.89 


0, 


.31 


19, 


.82 


0.07 


SDSS 


J075840, 


.33+324723. 


.4 


21 


.92 


0, 


.13 


17, 


.96 


0.03 


SDSS 


J080531, 


.80+481233. 


.O"* 


19 


.82 


0, 


.05 


17, 


.62 


0.03 


SDSS 


J080959, 


.01+443422, 


.2 


21 


.82 





.16 


19 


.28 


0.06 


SDSS 


J083048, 


.80+012831. 


.1 


24, 


.91 


0, 


.52 


19, 


.59 


0.08 


SDSS 


J083120, 


.81+304417. 


.1 


21 


.45 


0. 


.11 


19. 


.68 


0.10 


SDSS 


J085234, 


.90+472035. 


.0 


21 


.99 


0. 


.15 


18. 


.90 


0.05 


2MASS J090837.97+503208.0'^ 


20 


.06 


0, 


.03 


17, 


.22 


0.02 


SDSS 


J093109, 


.56+032732. 


.5 


22 


.00 


0, 


.15 


19, 


.28 


0.05 


SDSS 


J100401, 


.41+005354, 


.9 


21 


.81 


0, 


.18 


19, 


.76 


0.11 


SDSS 


J103026, 


.78+021306, 


.4 


23 


.43 


0, 


.61 


19, 


.94 


0.11 


SDSS 


J104409, 


.43+042937. 


.6 


21, 


.67 


0, 


.08 


18, 


.73 


0.03 


SDSS 


J104625, 


.76+042441, 


.0 


22 


.38 


0, 


.16 


19, 


.74 


0.07 


SDSS 


J110454, 


.25+554841. 


.4 


22 


.95 


0, 


.34 


19, 


.94 


0.09 


SDSS 


J112615, 


.25+012048. 


.2 


22 


.28 


0. 


.25 


19. 


.79 


0.12 


SDSS 


J115553, 


.86+055957. 


.5 


21 


.26 


0. 


.12 


18. 


.45 


0.04 


SDSS 


J115700, 


.50+061105. 


.2 


24, 


.12 


0, 


.67 


20. 


.20 


0.11 


SDSS 


J120747, 


.17+024424. 


.8"* 


21 


.47 


0, 


.11 


18, 


.41 


0.04 


SDSS 


J121001, 


.96+030739, 


.2 


22 


.25 


0, 


.26 


19, 


.79 


0.10 


SDSS 


J123147, 


.39+084730, 


.7 


22, 


.79 


0, 


.30 


18, 


.94 


0.04 


SDSS 


J133148, 


.90-011651. 




20 


.56 


0, 


.08 


18, 


.14 


0.04 
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Table 1 — Continued 





Object 


i 




z 





z 


SDSS 


J135923.99+472843.2 


23.15 


0.37 


19.76 


0. 


,09 


SDSS 


J140814.74+053952.9'* 


20.48 


0.05 


18.71 


0. 


,05 


SDSS 


J143211. 74-005900. 8 


22.00 


0.23 


19.62 


0. 


,10 


SDSS 


J143535.70-004347.0'^ 


20.86 


0.06 


19.02 


0. 


,04 






ZU.OO 


u.uo 


io. 1 


n 

u. 


.uo 


SDSS 


J151603.03+025928.9 


22.25 


0.26 


19.89 


0. 


,12 


SDSS 


J152103.24+013142.7 


24.46 


0.57 


19.57 


0. 


,06 


SDSS 


J152531.32+581053.1 


22.05 


0.16 


19.75 


0. 


,09 


SDSS 


J161626.46+221859.2 


23.07 


0.26 


20.33 


0. 


,10 


SDSS 


J162441.00+444145.8 


23.17 


0.40 


20.07 


0. 


,11 


SDSS 


J163030.35+434404.0 


22.10 


0.14 


19.45 


0. 


,05 


SDSS 


J163239.34+415004.3 


23.29 


0.37 


20.35 


0. 


,11 


SDSS 


J164939.34+384248.7 


22.36 


0.31 


20.05 


0. 


,10 


SDSS 


J175024.01+422237.8 


24.07 


0.96 


19.38 


0. 


,09 


SDSS 


J175805.46+463311.9 


24.18 


0.57 


19.67 


0. 


,07 


SDSS 


J204749.61-071818.3 


23.87 


0.78 


19.74 


0. 


,10 


SDSS 


J212413.89+010000.3 


23.77 


0.54 


19.71 


0. 


,12 



^Optical spectroscopy given by Hawley et al. (2002). 

''Discovered in the 2MASS database by Cruz et al. (2003). 

The SDSS asinh magnitudes (Lupton et al. 1999) corresponding to zero flux 
are i =24.4 and z =22.8. 
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Table 2. New UFTI Z Photometry 



Name 


Z 


Date 




±0.05 


(YYYYMMDD) 




(mag) 




2MASS J0030-1450 


18.13 


20021106 


2MASS J0243-2453 


16.98 


20021106 


2MASS J0415-0935 


17.30 


20021106 


2MASS J0727+1710 


VJ.Yl 


20021106 


2MASS J0825+2115 


16.62 


20021106 


2MASS J0937+2931 


16.01 


20021106 


2MASS J2356-1553 


17.60 


20021022 
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Table 3. New MKO-NIR JHK Photometry 





Name 


J 


(7j 


H 




K 




Date 
YYYYMMDD 


Camera 


2MASS 


J0028+1501 


16, 


,45 


0, 


.03 


15, 


.42 


0, 


.03 


14, 


.51 


0, 


.03 


20011124 


IRCAM 


2MASS 


J0028+1501 


16, 


.44 


0, 


.03 


15, 


.44 


0, 


.03 


14, 


.53 


0, 


.03 


20020108 


UFTI 


2MASS 


J0030-1450 


16. 


.39 


0, 


.03 


15, 


.37 


0, 


.03 


14, 


.49 


0, 


.03 


20011124 


IRCAM 


2MASS 


J0036+1821 


12, 


.29 


0, 


.03 


11, 


.65 


0, 


.03 


11 


.05 


0, 


.03 


20021207 


UIST 


2MASS 


J0243-2453 


15. 


.13 


0, 


.03 


15, 


.39 


0, 


.03 


15, 


.34 


0, 


.03 


20011124 


IRCAM 


2MASS 


J0415-0935 


15. 


.32 


0, 


.03 


15, 


.70 


0, 


.03 


15, 


.83 


0, 


.03 


20010829 


UFTI 


2MASS 


J0727+1710 


15, 


.19 


0, 


.03 


15, 


.67 





.03 


15, 


.69 


0, 


.03 


20011125 


IRCAM 


2MASS 


J0755+2212 


15, 


.46 


0, 


.03 


15, 


.70 


0, 


.03 


15, 


.86 


0, 


.03 


20020109 


UFTI 


2MASS 


J0801+4628 


16, 


.21 


0, 


.03 


15, 


.31 


0, 


.03 


14, 


.58 


0, 


.03 


20020109 


UFTI 


2MASS 


J0908+5032 


14, 


.40 


0, 


.03 


13, 


.54 


0, 


.03 


12, 


.89 


0, 


.03 


20020108 


UFTI 


2MASS 


J0937+2931 


14, 


.29 


0, 


.03 


14, 


.67 


0, 


.03 


15, 


.39 


0, 


.06 


20011124 


IRCAM 


2MASS 


J1503+2525 


13, 


.55 


0, 


.03 


13, 


.90 


0, 


.03 


13, 


.99 


0, 


.03 


20030104 


UIST 


2MASS 


J1534-2952AB 


14, 


.60 


0, 


.03 


14, 


.74 


0, 


.03 


14, 


.91 


0, 


.03 


20020715 


IRCAM 


2MASS 


J1553+1532AB 


15, 


.34 


0, 


.03 


15, 


.76 


0, 


.03 


15, 


.95 


0, 


.03 


20020109 


UFTI 


2MASS 


J2224-0158 


13, 


.89 


0, 


.03 


12, 


.84 


0, 


.03 


11, 


.98 


0, 


.03 


20020620 


UFTI 


2MASS 


J2244+2043 


16, 


.33 


0, 


.03 


15, 


.06 


0, 


.03 


13 


.90 


0, 


.03 


20020620 


UFTI 


2MASS 


J2254+3123 


15, 


.01 


0, 


.03 


14, 


.95 


0, 


.03 


15, 


.03 


0, 


.03 


20010829 


UFTI 


2MASS 


J2339+1352 


15, 


.81 


0, 


.03 


16, 


.00 


0, 


.03 


16, 


.17 


0, 


.03 


20010829 


UFTI 


2MASS 


J2356-1553 


15. 


.48 


0, 


.03 


15, 


.70 


0, 


.03 


15, 


.73 


0, 


.03 


20011124 


IRCAM 


SDSS JOOOO+2554 


14. 


.73 


0, 


.05 


14, 


.74 


0, 


.03 


14, 


.82 


0, 


.03 


20031207 


UFTI 


SDSS JOOOl+1535 


15. 


.29 


0, 


.03 


14, 


.40 


0, 


.03 


13, 


.52 


0, 


.05 


20031207 


UFTI 


SDSS J0016-0043 


16, 


.34 


0, 


.05 


15, 


.34 


0, 


.05 


14, 


.52 


0, 


.03 


20031207 


UFTI 


SDSS J0127+1354 


16, 


.71 


0, 


.03 


15, 


.84 


0, 


.03 


15, 


.09 


0, 


.03 


20020108 


UFTI 


SDSS J0203-0108 


17, 


.83 


0, 


.05 


16, 


.87 


0, 


.03 


16, 


.18 


0, 


.03 


20030104 


UIST 


SDSS J0207+1355 


15, 


.27 


0, 


.03 


14, 


.45 


0, 


.03 


13, 


.81 


0, 


.03 


20020109 


UFTI 


SDSS J0354-0027 


17, 


.14 


0, 


.03 


16, 


.46 


0, 


.03 


15, 


.95 


0, 


.03 


20030104 


UIST 


SDSS J0401-0609 


17. 


.38 


0, 


.03 


16, 


.39 


0, 


.03 


15, 


.71 


0, 


.03 


20030129 


UFTI 


SDSS J0740+2009 


16. 


.67 


0, 


.03 


15, 


.82 


0, 


.03 


15, 


.11 


0, 


.03 


20030104 


UIST 


SDSS J0741+2351 


15, 


.87 


0, 


.03 


16 


.12 





.05 


16, 


.12 


0, 


.05 


20020217 


UFTI 


SDSS J0742+2055 


15, 


.60 


0, 


.03 


15, 


.95 


0, 


.03 


16, 


.06 


0, 


.03 


20030104 


UIST 


SDSS J0747+2937 


17, 


.87 


0, 


.05 


17, 


.28 


0, 


.05 


16, 


.93 


0, 


.05 


20020108 


UFTI 


SDSS J0755+2934 


16, 


.71 


0, 


.03 


15, 


.94 


0, 


.03 


15, 


.32 


0, 


.03 


20020109 


UFTI 


SDSS J0756+2314 


16, 


.80 


0, 


.03 


15, 


.82 


0, 


.03 


15, 


.00 


0, 


.03 


20030104 


UIST 



Table 3 — Continued 



Name J aj H <jh K gk Date Camera 

YYYYMMDD 



SDSS 


J0758+3247 


14, 


,78 


0, 


,03 


14, 


,21 


0, 


.03 


13, 


,87 


0, 


.03 


20020217 


UFTI 


QT-vCC 

oJJoo 




1 A 
14, 


.01 


n 
u. 


OQ 


1 A 
14, 


OI 
.Ui 


A 
U. 


OQ 
.Uo 


1 Q 
io. 


P^l 

.01 


A 
U. 


OQ 
.Uo 


000001 OO 

zuuzUiuy 


Ur i i 


oJJoo 


TnQnQ_L/1 A Q/1 
JUoUy-|-44o4 


ID. 


Q7 
.o / 


n 

u. 


OQ 


io. 


.zO 


A 

U. 


OQ 
.Uo 


1 A 
i4. 


Q1 
.oi 


A 

U, 


OQ 
.Uo 


0OO0O1 OO 

zuuzUiuy 


Ur i 1 


oUoo 


JUooUH-UlZo 


io. 


.yy 


A 

u. 


OQ 
.Uo 


ID. 


1 7 


A 

U, 


OQ 
.Uo 


ID. 


QQ 
.OO 


A 

U, 


op; 

.Uo 


000001 OQ 
zUUzUiUo 


Ur i i 


SDSS 


J0831+3044 


17, 


.45 


0, 


.05 


16, 


.89 


0, 


.05 


16, 


.35 


0, 


.05 


20030105 


UIST 


SDSS 


J0852+4720 


16, 


,13 


0, 


.03 


15, 


.21 


0, 


.03 


14, 


.62 


0, 


.03 


20020108 


UFTI 


oJJoo 


TflOQI _i_nQ07 

JUyoi-hUoz / 


ID, 


^?o 


n 

u. 


.Uo 


ID. 


OO 

.uy 


A 
U. 


op; 
.Uo 


iO. 


PiQ 
.Oo 


A 
U. 


op; 

.UO 


0000001 7 
zUUzUzi / 


Ur il 


QT-vQC 


THOQI _i_nQ07 

juyoi-i-uoz ( 


ID, 


.DZ 


A 

u. 


OQ 
.Uo 


ID. 


.ii 


A 
U. 


OQ 

.Uo 


1 ^ 
iO. 


*^Q 
.Do 


A 
U. 


OQ 
.Uo 


000Q01 O/l 
zUUoUiU4 


Ulo i 


oJJoo 


J iUU4-|-UU0o 


1 7 


.4U 




.Uo 


ID, 


CO 

.oz 


A 

U. 


op; 
.uo 


io. 


OA 
.Z4 


A 

U. 


op; 
.uo 


OOOOO^^OO 
zUUzUDzU 


Ur i 1 


SDSS 


J1030+0213 


17, 


,10 


0, 


,05 


16, 


,27 


0, 


.05 


15, 


,67 


0, 


.05 


20020108 


UFTI 


SDSS 


J1044+0429 


15, 


,84 


0, 


,03 


14, 


,97 


0, 


.03 


14, 


,32 


0, 


.03 


20020109 


UFTI 


oUoo 


J iU4D-|-U4z4 


1 c\ 
ID. 


07 

y I 


A 

u. 


.Uo 


1 t\ 

ID. 


OQ 
.Uo 


A 
U. 


OQ 
.Uo 


1 ^ 

io. 


Qp; 
.oO 


A 
U. 


OQ 
.Uo 


ooooofioo 
ZUUZUDZU 


Ur i i 


oUoo 


T1 1 0/1 _i_ 1=^^/1 Q 


1 1 


.oi 


A 

u. 


.Uo 


ID. 


71 


A 
U 


Ol^ 

.Uo 


1 CK 
ID. 


Q1 

.ol 


A 

U, 


Ol^ 

.Uo 


000001 00 

zuuzuiuy 


Ur i i 


CT-vQQ 

oUoo 


J iiU4-l-004e5 


1 1 


.ZD 


A 

u. 


ot^ 

.Uo 


ID. 


7p; 

. / 


A 

u. 


OQ 
.Uo 


iD. 


QQ 
.OO 


A 
U. 


OO 

.uy 


00001 OO/l 
ZUUzizU4 


TTTQT 
Ulo i 


SDSS 


J1126+0120 


16, 


.68 


0, 


.03 


15, 


.81 


0, 


.03 


15, 


.04 


0, 


.03 


20020620 


UFTI 


SDSS 


J1155+0559 


15, 


.63 


0, 


.03 


14, 


.74 


0, 


.03 


14, 


.09 


0, 


.03 


20020109 


UFTI 




J iio / H-Uoii 


i / , 


no 


U, 


.Uo 


ID, 


.40 


A 
U. 


oc; 
.Uo 


io. 


.UU 


A 

U. 


op; 
.Uo 


zUUlUOoU 


Ur 11 


oJJoo 


J iZU ( -|-UZ44 


io. 


.oo 


A 

U, 


OQ 

.Uo 


1 A 

14, 


.Dtj 


A 

U. 


OQ 
.Uo 


1 A 
i4. 


.10 


A 

U. 


OQ 

.Uo 


onnoni nc 

.ZUUzUlUo 


Ur 1 1 


QT^QQ 

oUoo 


TI 01 n_i_n'3n7 
J iZiU-hUoU i 


1 7 


07 


A 
U. 


.Uo 


1 c\ 
io. 


.Oo 


A 

U, 


OQ 


1 CK 
ID. 


.Uo 


A 

U, 


OQ 
.Uo 


ZUUZUDZU 


Ur 1 1 


SDSS 


J1231+0847 


15, 


1 /I 

,14 


0, 


,03 


15, 


.40 





AO 

.03 


15, 


,4d 





AO 

.03 


zOOzOdzO 


Ui 11 


SDSS 


J1314-0008 


16, 


.54 


0, 


.03 


15, 


.86 


0, 


.03 


15, 


.32 


0, 


.03 


20020109 


UFTI 


SDSS 


J1326-0038 


16, 


.22 


0, 


.03 


15, 


.11 


0, 


.03 


14, 


.16 


0, 


.03 


20030129 


UFTI 


SDSS 


J1331-0116 


15, 


.34 


0, 


.03 


14, 


.67 


0, 


.03 


14, 


.09 


0, 


.03 


20020109 


UFTI 


SDSS 


J1331-0116 


15, 


.30 


0, 


.03 


14, 


.63 


0, 


.03 


14, 


.04 


0, 


.03 


20020620 


UFTI 


SDSS 


J1359+4728 


16, 


.95 


0, 


.03 


16, 


.00 


0, 


.03 


15, 


.34 


0, 


.03 


20020620 


UFTI 


SDSS 


J1408+0539 


16, 


,49 


0, 


,03 


15, 


,95 


0, 


.03 


15, 


,49 


0, 


.03 


20030104 


UIST 


SDSS 


J1432-0059 


16, 


.99 


0, 


.05 


16, 


.14 


0, 


.05 


15, 


.45 


0, 


.05 


20010530 


UFTI 


SDSS 


J1435-0043 


16, 


,41 


0, 


,03 


15, 


,68 


0, 


.03 


15, 


,12 


0, 


.03 


20020620 


UFTI 


SDSS 


J1440+0026 


15, 


,93 


0, 


,03 


15, 


,23 


0, 


.03 


14, 


,64 


0, 


.03 


20020620 


UFTI 


SDSS 


J1516+0259 


16, 


.88 


0, 


.05 


16, 


.07 


0, 


.05 


15, 


.35 


0, 


.05 


20010530 


UFTI 


SDSS 


J1521+0131 


16, 


.06 


0, 


.03 


15, 


.63 


0, 


.03 


15, 


.48 


0, 


.03 


20020620 


UFTI 


SDSS 


J1525+5810 


16, 


.90 


0, 


.05 


16, 


.13 


0, 


.05 


15, 


.43 


0, 


.05 


20020109 


UFTI 



Table 3 — Continued 



Name J aj H uh K ok Date Camera 

YYYYMMDD 



SDSS 


J1616+2218 


17, 


.53 


0, 


.03 


16, 


.50 


0, 


.03 


15, 


.65 


0, 


.03 


20030618 


UIST 


SDSS 


J1624+4441 


17, 


.56 


0, 


.05 


16, 


.88 


0, 


.05 


16, 


.46 


0, 


.05 


20010720 


UFTI 


SDSS 


J1630+4344 


16, 


,48 


0, 


,03 


15, 


,51 


0, 


.03 


14, 


,70 


0, 


.03 


20020620 


UFTI 


SDSS 


J1632+4150 


16, 


.87 


0, 


.05 


16, 


.42 


0, 


.08 


16, 


.19 


0, 


.08 


20020620 


UFTI 


SDSS 


J1649+3842 


17, 


.78 


0, 


.10 


17, 


.35 


0, 


.10 


16, 


.71 


0, 


.10 


20010720 


UFTI 


SDSS 


J1649+3842 


17, 


,79 


0, 


,10 


17, 


,26 


0, 


.10 


16, 


,78 


0, 


.10 


20020620 


UFTI 


SDSS 


J1750+4222 


16, 


,12 


0, 


,03 


15, 


,57 


0, 


.03 


15, 


.31 


0, 


.03 


20020620 


UFTI 


SDSS 


J1758+4633 


15, 


.86 


0, 


.03 


16, 


.20 


0, 


.03 


16, 


.12 


0, 


.03 


20020620 


UFTI 


SDSS 


J2047-0718 


16, 


,70 


0, 


,03 


15, 


,88 


0, 


.03 


15, 


,34 


0, 


.03 


20011125 


IRCAM 


SDSS 


J2124+0100 


15, 


.88 


0, 


.03 


16, 


.12 


0, 


.03 


16, 


.07 


0, 


.03 


20031208 


UFTI 


SDSS 


J2249+0044 


16, 


.29 


0, 


.03 


15, 


.30 


0, 


.03 


14, 


.38 


0, 


.03 


20020108 


UFTI 



Table 4. Spectroscopic Configurations 



Instrument 


Wavelength Range 


Resolution 


Slit Width 


Configuration 


flTD. 


A 


arcsec 


CGS4-Z 


0.84—1.04 


25 


1.20 


CGS4-J 


1.03—1.35 


21 


1.20 


CGS4-H 


1.38—2.02 


50 


1.20 


CGS4-K 


1.88—2.52 


50 


1.20 


UIST-HK 


1.44—2.49 


44 


0.48 



-47- 



Table 5. New Spectroscopy 



Name 



CGS4-Z 



Date for Observation with Configuration 
CGS4-J CGS4-H CGS4-K 



UIST-HK 



2MASS J0415-0935 20021214 20021213 

2MASS J0727+1710 • • • 20021212 

2MASS J0929+3429 

2MASS J0908+5032 20031208 20021212 

2MASS J0937+2931 ••• 20020112 

2MASS J1439+1929 • • • 20020625 

2MASS J1507-1627 ••• 20020625 

2MASS J2224-0158 • • • 20020714 

2MASS J2244+2043 • • • 20021214 

2MASS J2254+3123 20030812 20020714 

2MASS J2339+1352 ••• 20021214 

SDSS JOOOO+2554 • • • 20031208 

SDSS JOOOl+1535 
SDSS J0016-0043 
SDSS J0127+1354 

SDSS J0203-0108 
SDSS J0207+1355 
SDSS J0354-0027 
SDSS J0401-0609 
SDSS J0741+2351 • • • 20030924 

SDSS J0742+2055 • • • 20030925 

SDSS J0747+2937 
SDSS J0755+2934 
SDSS J0758+3247 20031208 20020225 

SDSS J0805+4812 20031207 20031207 



20020110 

20011029 

20020110 
20020110 

20020619 
20020624 
20020618 
20020618,21 
20020109 

20020625 
20031207 



20020112 



20020111 



20030228 

20020110 
20020225 



20020111 



20020111 
20020111 

20020622 
20020624 
20020622 
20020618,22,23 
20020112 

20020625 
20031207 



20020112 



20020112 



20021212 



20030228 

20020111 
20020225 



20031120 
20031120 



20030923 
20030105 
20030105 
20030923 
20021130 



20021214 
20021212 

20030321 



SDSS J0830+0128 
SDSS J0852+4720 
SDSS J0931+0327 

SDSS J1004+0053 
SDSS J1030+0213 

SDSS J1044+0429 
SDSS J1046+0424 
SDSS J1104+5548 



20031124 
20031207 

20031207 



20020110 
20020110 



20020110 
20020111 



20020111 



20020111 

20020111 
20020624 



20021212 
20021214 



20021213 



-48- 



Table 5 — Continued 



Name 


CGS4-Z 


Date for Observation witli Configuration 
CGS4-J CGS4-H CGS4-K 


UIST-HK 


SDSS JlllO+0116 
SDSS J1126+0120 








ZUUZUDZ4 

20020622 




SDSS J1155+0559 
SDSS J1157+0611 
SDSS J1207+0244 
SDSS J1210+0307 
SDSS J1231+0847 


20040110 


20031208 
20020714 

20020625 


20020111 

20020110 
20020112 

20020619 


20020112 

20020112 
20020112 

20020622 


20021213 


SDSS J1314-0008 
SDSS J1331-0116 

SDSS J1359+4728 
SDSS J1432-0059 
SDSS J1435-0043 




20031207 


20020112 

20020625 
20020621 
20020624 


20020623 
20020622 
20020623 
20020622 


20021213 


SDSS J1440+0026 
SDSS J1516+0259 
SDSS J1521+0131 
SDSS J1525+5810 
SDSS J1616+2218 




20030809 


20020624 
20020619 
20020619 
20020621 


20020622 
20020625 
20020623,25 


20030618 


SDSS J1630+4344 

SDSS J1632+4150 
SDSS J1750+4222 
SDSS J1758+4633 
SDSS J2047-0718 




20030821 
20030812 
20030812 
20030814 


20020624 

20020624,20020714 
20020621 
20020618 
20020718 


20020622 

20020625 
20020622 
20020622,23 
20020807 





SDSS J2124+0100 



20031208 



Table 6. Spectral Indices 



Name H20(J) H20(H) CH4(H) CH4(K) Mean 

Index Type Index Type Index Type Index Type Type 



2MAbb J0415— 0935 


26 


35 


T9.5 


18 


66 


T9 


9 


99 


T8.5 


25 


26 


T9 


T9 


2MASS J0727+1700 


10 


69 


T7.5 


11 


69 


T8.5 


6 


09 


T7.5 


16 


26 


T8 


T8 


2MASS J0908+5032 


1 


41 


[<T0] 


1 


92 


L9.5 


1 


04 


TO 


1 


12 


L7.5 


L9±1.0 


2MAbb J0929+3429 








1 


72 


L7.5 





96 


[<T0] 








L7.5 


2MAbb J0937+2931'^ 


6 


05 


T6.5 


6 


85 


T6.5 


3 


70 


T6.5 


4 


39 


T5 


T6 


2MASS J 1439+1929 


1 


10 


[<TOJ 


1 


30 


T 1 

LI 





96 


[<TOJ 





95 


[<L3] 


T 1 

LI 


2MASS J1507-1627 


1 


31 


[<T0] 


1 


59 


L5.5 





98 


[<T0] 


1 


03 


L5.5 


L5.5 


2MASS J2224-0158 


1 


37 


[<T0] 


1 


48 


L3 





97 


[<T0] 





95 


L4 


L3.5 


OAyTAOO TOO/1/1 i C\n A 

2JVlAbS J 2244+2043 


1 


62 


TO 


1 


71 


L7.5 





91 


[<T0] 





99 


L4.5 


L7.5+2.0 


OAyTAOO TOOr'/l i 0100 

2JyIASS J2254+3123 


2 


46 


T3.5 


3 


69 


T3.5 


1 


83 


T4.5 


3 


36 


T4 


T4 


2MASS J2339+1352 


4 


08 


T5 


7 


26 


T6.5 


2 


35 


T5.5 


5 


03 


T5 


T5.5 


SDSS JOOOO+2554 


3 


03 


T4.5 


4 


11 


T4 


1 


84 


T4.5 


3 


70 


T4.5 


T4.5 


SDSS JOOOl+1535 








1 


59 


L5.5 





95 


[<T0] 





92 


L3 


L4±1.0 


bDbb JOOId— 0043 








1 


61 


L5.5 





85 


[<T0] 


1 


03 


L5.5 


L5.5 


SDSS J0127+1354 








1 


58 


L5 





96 


[<T0] 


1 


09 


L7 


L6±1.0 


bDbb J0203— 0108 








2 


00 


L9.5 


1 


04 


TO 


1 


21 


L9 


Tor 

L9.5 


SDSS J0207+1355'^ 








1 


37 


L2 





98 


[<T0] 





97 


L4.5 


L3±1.5 


SDSS J0354-0027 








1 


31 


LI 


1 


00 


[<T0] 





93 


L3 


L2±1.0 


r^T~\(~f(~t TO^O-l O/^O/^ 

SDSS J0401— 0609 








1 


43 


L2.5 





98 


[<T0] 


1 


01 


L5 


L4±1.5 


SDSS J0741+2351 


4 


56 


T5.5 


4 


65 


T4.5 


2 


71 


T5.5 


5 


50 


T5.5 


T5.5 


SDSS J0742+2055 


3 


88 


T5 


4 


78 


T5 


2 


74 


T5.5 


5 


10 


T5.5 


T5 


SDSS J0747+2937 








1 


07 


M6 





94 


[<T0] 





98 


[L4.5] 


late M 


SDSS J0755+2934'^ 








1 


41 


L2.5 





99 


[<T0] 





97 


L4.5 


L3.5±1.0 


SDSS J0758+3247 


2 


47 


T3.5 


2 


67 


T2 


1 


12 


Tl 


1 


59 


T1.5 


T2±1.0 


SDSS J0805+4812 


1 


38 


[<T0] 


2 


01 


L9.5 


1 


06 


T0.5 


1 


07 


L6.5 


L9±1.5 


SDSS J0830+0128 








6 


25 


T6 


2 


44 


T5.5 








T5.5 


SDSS J0852+4720 


1 


44 


[<T0] 


2 


14 


T0.5 


1 


07 


T0.5 


1 


15 


L8 


L9.5+1.0 


SDSS J0931+0327 


1 


46 


[<T0] 


1 


89 


L9 





90 


[<T0] 


1 


06 


L6 


L7.5+1.5 


SDSS J1004+0053 








1 


29 


LI 





92 


[<T0] 





92 


L3 


L2±1.0 


SDSS J1030+0213 


1 


48 


[<T0] 


2 


24 


Tl 


1 


06 


T0.5 


1 


14 


L8 


L9.5±1.0 


SDSS J1044+0429 








1 


64 


L6.5 





98 


[<T0] 


1 


11 


L7 


L7 


SDSS J1046+0424 




















1 


06 


L6 


L6 


SDSS J1104+5548 








1 


98 


L9.5 


1 


09 


Tl 


1 


17 


L7.5 


L9.5±1.5 
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Table 6 — Continued 



Name H20(J) H20(H) CH4(H) CH4(K) Mean 





Index 


Tvoe 


Index 


Tvoe 


Index 


Tvoe 


Index 


Tvoe 


Tvoe 


SDSS JlllO+0116 


5.07 


T6 


5.37 


T5.5 


2.47 


T5.5 


6.28 


T6 


T5.5 


SDSS J1126+0120 














1.05 


L6 


L6 


SDSS J1155+0559 






1.74 


L8 


0.97 


[<T0] 


1.09 


L7 


L7.5 


SDSS J1157+0611 


1.78 


Tl 


3.00 


T2.5 


1.14 


T1.5 


1.45 


Tl 


T1.5 


SDSS J1207+0244 


1.64 


TO 


2.15 


TO. 5 


1.06 


TO. 5 


1.24 


L9.5 


TO 


SDSS J1210+0307 






1.28 


L0.5 


0.94 


[<T0] 


0.91 


L2.5 


L1.5±1.0 


SDSS J1231+0847 


5.54 


T6 


6.51 


T6 


2.94 


T6 


5.21 


T5.5 


T6 


SDSS J1314-0008 






1.39 


L2 


1.00 


[<T0] 


0.98 


L4.5 


L3.5±1.5 


SDSS J1331-0116 


1.40 


[<T0] 


2.12,2.19 


T0,T0.5 


1.00,0.96 


[<T0] 


1.03,1.05 


L5.5,L6 


L8±2.5 


SDSS J1359+4727 






1.77 


L8 


1.00 


[<T0] 


1.18 


L8.5 


L8.5 


SDSS J1432-0059 






1.53 


L4 


0.95 


[<T0] 


1.01 


L5 


L4.5 


SDSS J1435-0043 






1.43 


L2.5 


0.97 


[<T0] 






L2.5 


SDSS J1440+0026 






1.32 


LI 


0.98 


[<T0] 






LI 


SDSS J1516+0259 






2.11 


TO 


1.14 


T1.5 


1.16 


L8 


T0±1.5 


SDSS J1521+0131 


2.07 


T2 


3.07 


T2.5 


1.10 


Tl 


2.01 


T2.5 


T2 


SDSS J1525+5810 






1.70 


L7.5 






1.03 


L5.5 


L6.5±1.0 


SDSS J1616+2218 






1.46 


L3 


0.95 


[<T0] 


1.08 


L6.5 


L5±2.0 


SDSS J1630+4344 






1.76 


L8 


1.01 


[<T0] 


1.03 


L5.5 


L7±1.5 


SDSS J1632+4150 


1.59 


TO 


2.13 


TO 


1.15 


T1.5 


1.81 


T2 


Tlil.O 


SDSS J1750+4222 


1.75 


Tl 


2.21 


TO. 5 


1.09 


Tl 


1.69 


T1.5 


Tl 


SDSS J1758+4633 


8.63 


T7 


9.08 


T7.5 


4.16 


T6.5 


10.23 


T7 


T7 


SDSS J2047-0718 


1.42 


[<T0] 


1.85 


L9 


1.08 


T0.5 


1.18 


L8.5 


L9.5±1.0 


SDSS J2124+0100 






6.42 


T6 


2.40 


T5.5 






T6 



"^Mean type includes the /C-band index for this dwarf with suppressed i^-band flux, see §5.6. 
^ Based on UIST data only, more consistent than previous CGS4 data. 
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Table 7. Provisional Spectral Indices for the End of the T Sequence 



Type 


H2O 1.2/im 


H2O 1.5/im 


CH4 1.6/(im 


CH4 2.2/im 


T8 


10—15 


9—12 


6—9 


12—18 


T9 


15—30 


12—24 


9—18 


18—36 


TIO 


>30 


>24 


>18 


>36 
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Table 8. Parallaxes and Absolute K Magnitudes 



TVT 

JName 


a. 

TT 


error 


TV If 

Mk 


error 


CI J. 1 

Spectral 


Kererence 




mas 


TT mas 




Mk 


Type 




2MASS J0030-1450 


37.4 


4.5 


12.36 


0.26 


L7 


V03 


2MASS J0036+1821 


114.2 


0.8 


11.33 


0.03 


L4 


D02 


2MASS J0328+2302 


33.1 


4.2 


12.47 


0.28 


L9.5 


V03 


2MASS J0345+2540 


37.1 


0.5 


10.51 


0.04 


LI 


D02 


2MASS J0415-0935 


174.3 


2.8 


17.04 


0.04 


T9 


V03 


2MASS J0559-0559 


96.7 


1.0 


13.66 


0.04 


T4.5 


D02,V03 


2MASS J0727+1710 


110.1 


2.3 


15.90 


0.05 


T8 


V03 


2MASS J0746+2000AB 


81.9 


0.3 


10.00 


0.03 


LI 


D02 


2MASS J0825+2115 


94.2 


0.9 


12.80 


0.04 


L6 


D02 V03 


2MASS J0850+1057AB 


33.8 


2.7 


12.00 


0.18 


L6 


D02 V03 


2MASS J0937+2931 


162.8 


3.9 


16.45 


0.08 


T6 


V03 


2MASS J1047+2124 


98.8 


3.3 


16.17 


0.08 


T6.5 


V03,T03 


2MASS J1217-0311 


93.2 


2.1 


15.77 


0.06 


T8 


V03 T03 


2MASS J1225-2739AB 


74.8 


2.0 


14.65 


0.07 


T6 


V03 T03 


2MASS J1439+1929 


69.6 


0.5 


10.68 


0.03 


LI 


D02 


2MASS J1507-1627 


136.4 


0.6 


11.96 


0.03 


L5.5 


D02 


2MASS J1523+3014^ 


54.4 


1.1 


13.03 


0.06 


L8 


Hip,YPC,V03 


2MASS J1534-2952AB 


73.6 


1.2 


14.24 


0.06 


T5.5 


T03 


2MASS J1632+1904 


65.0 


1.8 


13.03 


0.07 


L7.5 


D02 V03 


2MASS J2224— 0158 


87.0 


0.9 


11.68 


0.04 


L3.5 


D02 V03 


2MASS J2356-1553 


69.0 


3.4 


14.92 


0.11 


T6 


V03 


DENIS-P J0205.4-n59AB 


50.6 


1.5 


11.51 


0.07 


L5.5 


D02 


DENIS-P J1058.7-1548 


57.7 


1.0 


11.36 


0.05 


L3 


D02 


DENIS-P J1228.2-15AB 


49.4 


1.9 


11.18 


0.09 


L6 


D02 


GD 165B 


31.7 


2.5 


11.59 


0.17 


L3 


YPC 


Gl 229B 


173.2 


1.1 


15.55 


0.03 


T6 


Hip,YPC 


Gl 570D 


170.2 


1.4 


16.67 


0.04 


T8 


Hip,YPC 


Kelu-1 


53.6 


2.0 


10.43 


0.09 


L3 


D02 


LHS 102B 


104.7 


11.4 


11.46 


0.24 


L4.5 


YPC 
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Table 8 — Continued 



Name 




error 


Mk 


error 


Spectral 


Reference'' 




111 do 


TT Ti l Ct G 




iViK 


j.ype 




SDSS J0032+1410 


30.1 


5.2 


12.39 


0.37 


L8 


V03 


SDSS J0107+0041 


64.1 


4.5 


12.61 


0.16 


L5.5 


V03 


SDSS J0151+1244 


46.7 


3.4 


13.53 


0.16 


Tl 


V03 


SDSS J0207+0000 


34.9 


9.9 


14.33 


0.62 


T4.5 


V03 


SDSS J0423-0414 


65.9 


1.7 


12.05 


0.06 


TO 


V03 


SDSS J0539-0059 


76.1 


2.2 


11.81 


0.07 


L5 


V03 


SDSS J0830+4828 


76.4 


3.4 


13.10 


0.10 


L9 


V03 


SDSS J0837-0000 


33.7 


13.5 


13.62 


0.87 


T0.5 


V03 


SDSS J1021-0304 


35.4 


4.2 


13.00 


0.26 


T3 


V03,T03 


SDSS J1254-0122 


74.0 


1.6 


13.22 


0.06 


T2 


V03,T03 


SDSS J1326-0038 


50.0 


6.3 


12.66 


0.28 


L5.5 


V03 


SDSS J1346-0031 


69.1 


2.1 


14.93 


0.07 


T6 


V03,T03 


SDSS J1435-0043 


16.1 


5.8 


11.15 


0.78 


L2.5 


V03 


SDSS J1446+0024 


45.5 


3.2 


12.09 


0.16 


L5 


V03 


SDSS J1624+0029 


90.7 


1.0 


15.40 


0.04 


T6 


D02,V03,T03 


SDSS J1750+1759 


36.2 


4.5 


13.82 


0.27 


T3.5 


V03 


"^Parallaxes are weij 


;hted means 


of the values 


given in 


the cited references (see 


Golimowski et al, 



2004). 

'^References for parallax: 
Hip: Hipparcos Astrometric Catalogue: ESA (1997), Ferryman et al. (1997) 
YPC: Yale Parallax Catalogue (van Altena et al. 1995) 
D02: Dahn et al. (2002) 
V03: Vrba et al. (2004) 
T03: Tinney et al. (2003) 

'=2MASS J1523+3014 = 01 584C. 
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Table 9. Magnitudes and Colors, Sorted by Infrared Spectral Type 



Name 


Type^ 


Mj 


i 


-z 






z- 


-J 


Z-J 


J 


J- 


K 


J- 


H 


H- 


-K 


SDSS J083120.81+304417.1 


[M-L2] 






1 


77 


19 


68 


2 


23 




17 


45 


1 


10 





56 





54 


SDSS J140814.74+053952.9 


[M-L2] 






1 


77 


18 


71 


2 


22 




16 


49 


1 


00 





54 





46 


SDSS J162441. 00+444145. 8 


[M-L3] 










20 


07 


2 


51 




17 


56 


1 


10 





68 





42 


2MASS J03454316+2540233'' 


Ll±l 


11 


69 
















13 


84 


1 


18 





63 





54 


2MASS J07464256+2000321AB 


LI 


11 


21 


1 


80 


14 


30 


2 


66 


1.47 


11 


64 


1 


21 





63 





58 


2MASS J14392836+1929149 


Ll<: 


11 


87 
















12 


66 


1 


19 





61 





58 


SDSS J144016.20+002638.9 


Lid 






1 


90 


18 


75 


2 


82 




15 


93 


1 


29 





70 





59 


SDSS J121001. 96+030739. 2 


LI. 5+1 










19 


79 


2 


52 




17 


27 


1 


24 





69 





55 


SDSS J035448.73-002742.1 


L2+1 






2 


02 


19 


61 


2 


47 




17 


14 


1 


19 





68 





51 


SDSS J100401.41+005354.9 


L2+1 






2 


05 


19 


76 


2 


36 




17 


40 


1 


16 





58 





58 


SDSS J143535.70-004347.0 


L2.5 


12 


44 


1 


84 


19 


02 


2 


61 




16 


41 


1 


29 





73 





56 


2MASS J00283943+ 1501418° 


L3d 






2 


19 


19 


52 


3 


03 


2.01 


16 


49 


1 


95 


1 


01 





94 


DENIS-P J1058.7-1548''>' 


L3 


12 


93 














1.64 


14 


12 


1 


57 





84 





74 


GD 165B'''S 


L3+2 


13 


14 
















15 


64 


1 


55 





89 





66 


Kelu-l''''' 


L3+1 


11 


88 














1.77 


13 


23 


1 


45 





78 





67 


SDSS J020735.60+135556.3 


L3+1.5 






1 


78 


18 


06 


2 


79 




15 


27 


1 


46 





82 





64 


2MASS J22244381-0158521 


L3.5 


13 


59 
















13 


89 


1 


91 


1 


05 





86 


SDSS J075515. 26+293445. 4 


L3.5+1 






2 


33 


19 


40 


2 


69 




16 


71 


1 


39 





77 





62 


SDSS J131415.52-000848.1 


L3.5+1.5 






2 


00 


19 


63 


3 


11 




16 


52 


1 


22 





68 





55 


2MASS J00361617+1821104 


L4+1 


12 


61 














1.81 


12 


30 


1 


26 





66 





60 


SDSS J000112.18+153535.5 


L4+1 






1 


74 


18 


55 


3 


26 




15 


29 


1 


77 





89 





88 


SDSS ,1040100.96-060933.0 


L4+1.5 










20 


19 


2 


81 




17 


38 


1 


67 





99 





68 


LHS 102B' 


L4.5 


13 


16 














1.61 


13 


06 


1 


70 





92 





78 


SDSS J143211. 74-005900. 8 


L4.5 










19 


62 


2 


63 




16 


99 


1 


54 





85 





69 


SDSS J053951. 99-005902.0 


L5 


13 


26 


2 


24 


16 


78 


2 


93 


1.75 


13 


85 


1 


45 





81 





64 


SDSS J125737.26-011336.1 


L5 


13 


86 


2 


14 


18 


56 


2 


92 




15 


64 


1 


58 





96 





62 


SDSS J144600.60+002452.0 


L5 


13 


85 


2 


30 


18 


48 


2 


92 




15 


56 


1 


76 





97 





79 


SDSS J161626. 46+221859. 2 


L5+2 










20 


33 


2 


80 




17 


53 


1 


88 


1 


03 





85 


SDSS J224953.45+004404.2j 


L5+1.5'' 






2 


16 


19 


42 


2 


95 


1.77 


16 


47 


2 


05 


1 


11 





94 


SDSS J074007.30+200921.9 


[L3-8] 










19 


78 


3 


11 




16 


67 


1 


56 





85 





71 


SDSS J075656.54+231458.5 


[L3-8] 










19 


82 


3 


02 




16 


80 


1 


80 





98 





82 


2MASS J15074769- 1627386 


L5.5 


13 


37 
















12 


70 


1 


41 





80 





61 


DENIS-P J0205.4-1159AB' 


L5.5±2d 


12 


95 














1.58 


14 


43 


1 


44 





82 





62 


SDSS J001608.44-004302.3 


L5.5 






1 


77 


19 


34 


3 


00 




16 


34 


1 


82 


1 


00 





82 


SDSS J010752.33+004156.1 


L5.5d 


14 


78 


2 


83 


18 


70 


2 


95 


1.58 


15 


75 


2 


17 


1 


19 





98 


SDSSJ132629.82-003831.5 


L5.5 


14 


70 


2 


63 


19 


05 


2 


84 




16 


21 


2 


04 


1 


11 





93 


DENIS-P J1228.2-1547AB'''™ 


L6+2 


12 


75 














1.73 


14 


28 


1 


57 





88 





69 


2MASS J08251968+2115521 


L6d 


14 


76 














1.73 


14 


89 


1 


96 


1 


08 





88 


2MASS J08503593+1057156AB 


L6'= 


13 


85 














1.95 


16 


20 


1 


85 





99 





86 


SDSS J012743.50+135420.9 


L6+1 






2 


65 


19 


62 


2 


91 




16 


71 


1 


62 





87 





75 


SDSS J104625.76+042441.0 


L6 






2 


64 


19 


74 


2 


77 




16 


97 


1 


62 





94 





68 


SDSS J112615.25+012048.2 


L6 










19 


79 


3 


11 




16 


68 


1 


64 





87 





77 


SDSS J080959.01+443422.2 


[L5-8] 






2 


54 


19 


28 


2 


91 




16 


37 


2 


06 


1 


12 





94 
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Table 9 — Continued 



Name 


Type'' 


Mj 


i-z 




5 


z- 


-J 


Z-J 


J 


J- 


K 


J- 


H 


H- 


-K 


2MASS J08014056+4628498 






2.50 


18 


78 


2 


57 




16 


21 


1 


63 





90 





73 


SDSS J023617.93+004855.0 


L6.5 




2.87 


18 


80 


2 


79 


1.53 


16 


01 


1 


47 





85 





62 


DUOO J 10ZOO-L.OZ-|-00 -LUOO. J- 








1 Q 

ly 


t u 


2 


ou 




16 


90 




A7 


n 
u 


77 


n 
u 


70 


ZiVliT.OO J UUOUOU lO — I'i'J uooo 




14 26 












J.. 1 ^ 


16 


39 




on 
yu 


^ 


09 
uz 


n 
u 


oo 




T 7 




2 94 


1 S 


1 o 


2 


oy 




15 


84 






n 


o 1 


n 


uo 


SDSS J163030.53+434404.0 


L7ibl.5 




2.65 


19 


45 


2 


97 




16 


48 


1 


78 





97 





81 


2MASS J09293364+3429527 


L7.5 






19 


52 


2 


83 


1.69 


16 


69 


1 


96 


1 


07 





89 




T 7 






1 8 


oo 


2 


81 
OA 


1 7^ 

A. / O 


15 


77 




80 

ou 




OQ 

uy 


n 
u 


71 

1 A 


9A/rAC;c; T994.4'^H=17-U9nA'?A'^'^ 


T 7 c:-|-9 
















16 


33 


2 


A'^ 
'to 


1 


97 
z / 




1 R 

AU 








2 72 


1 Q 

-Ly 


98 

Zo 


2 


R8 




16 


60 




07 
U i 


n 
u 


f^l 


u 


f^R 
OU 


SDSS J115553.86+055957.5 


L7.5 




2.81 


18 


45 


2 


82 




15 


63 


1 


54 





89 





65 


2MASS J15232263+3014562'^ 


L8 


14.63 












1.65 


15 


95 


1 


60 





90 





70 


Cir>C;C! Tnn^9'^Q ^R-Ul 41 (T^^l R 


T 8 


1 Q8 

lo.yo 




1 Q 

Ay 


AO 


2 


89 
oz 


1 R7 

A.O / 


16 


58 




oy 


n 
u 


Q9 

yz 


n 
u 


R7 

O 1 


jljdo j uoo ( oo-'yiO-ro I uoo i . 1 


T 




9 QS 

z.yo 


1 7 
1 1 


77 


9 


07 

y 1 


1 79 
A. 1 Z 


14 


80 


± 


8R 
ou 


1 
1 


00 


u 


8R 

OU 


DUoO J lOO-L'4iO-yU Ul-LUfJl.'^i 


1 Q-UO c:k 

J_jO!XZ.O 




2 42 


1 8 
AO 


14 


2 


89 
OZ 




15 


32 




9"^ 
zo 


n 
u 


fi7 


n 

U 


Oo 


SDSS J135923.99+472843.2 


L8.5 






19 


76 
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Table 9 — Continued 







Mj 




z 




-J 


Z- 


-J 


J 


j_ 




j- 


fj 


H- 


-K 


SDSS J020742.83+000056.2 


T4.5 


14 


34 




20 


11 


3 


48 


2 


08 


16 


63 





01 


-0 


03 





04 


SDSS J092615. 38+584720.9 


T4.5 








19 


01 


3 


54 






15 


47 


-0 


03 





05 


-0 


08 


2MASS J07554795+2212169 


T5° 








19 


12 


3 


66 






15 


46 


-0 


40 


-0 


24 


-0 


16 


SDSS J074201.41+205520.5 


T5 








19 


28 


3 


68 






15 


60 


-0 


46 


-0 


35 


-0 


11 


2MASS J15031961+2525196 


T5.5° 




















13 


55 


-0 


44 


-0 


35 


-0 


09 


2MASS J15344984-2952274AB 


T5.5° 


13 


93 
















14 


60 


-0 


31 


-0 


14 


-0 


17 


2MASS J23391025+1352284 


T5.5 




















15 


81 


-0 


36 


-0 


19 


-0 


17 


SDSS J074149. 15+235127.5 


T5.5 








19 


65 


3 


78 






15 


87 


-0 


35 


-0 


25 


-0 


10 


SDSS ,108.3048.80+012831. 1 


T5.5 








19 


59 


3 


60 
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99 
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39 


-0 


18 
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2MASS J09373487+2931409 


T6 


15 


35 
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3 


62 


2 


00 


15 


56 
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-0 
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15 
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14 


82 


-0 


70 


-0 


46 


-0 


24 


2MASS J04151954-0935066 


T9 


16 


53 
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15 


32 


-0 


51 


-0 


38 


-0 


13 



-57- 



Table 9 — Continued 



Name 


Type=- 


Mj 


i-z 


z 


z-J 


Z-J 


J 


J-K 


J-H 


H-K 





^Spectral types in square brackets estimated from colors. 
^JHK magnitudes synthesized from flux calibrated spectrum. 
'^Spectral type from Kirkpatrick et al. (2000). 

■^Optical spectral type later than infrared type by >1 subclass. 

<'2MASS J0028+1501 may be variable at the 5% level; measured J/H/K of 16.52(0.03) / 15.42(0.03) / 14.63(0.05) on 20001119, 
16.65(0.05) / 15.56(0.05) / 14.57(0.05) on 20010114, 16.45(0.03) / 15.54(0.03) / 14.51(0.03) on 20011124 and 16.44(0.03) / 

15.44(0.03) / 14.53(0.03) on 20020108. 

'DENIS-P J1058. 7-1548 = 2MASS J10584787-1548172. 
SGD 165B = 2MASS J14243909+0917104. 
''Kelu-1 = 2MASS J13054019-2541059. 
'LHS 102B = 2MASS J00043484-4044058. 

JSDSS J2249+0044 may be variable at the 10% level; measured J/H/K of 16.58(0.03) / 15.39(0.03) / 14.46(0.03) on 20001119, 
16.46(0.05) / 15.42(0.05) / 14.43(0.05) on 20010116, 16.36(0.03) / 15.30(0.03) / 14.38(0.03) on 20020108. 

'^Optical spectral type earlier than infrared type by >1 subclass. 

'DENIS-P J0205.4-1159AB = 2MASS J02052940-1159296AB. 

""DENIS-P J1228.2-1547AB = 2MASS J12281523-1547342AB. 

"2MASS J15232263+3014562 = Gl 584C. 

"Spectral type from Burgasser et al. (2002) or typed by us from Burgasser et al. data. 
^ZJHK magnitudes synthesized from flux calibrated spectrum. 
1G1 570D = 2MASS J14571496-2121477. 



-58- 



Table 10. SDSS r Magnitudes for Detected 
Objects in Table 9 



Name 


r 




2MASS J0746+2000AB 


18.65 


0.01 


2MASS J0755+2212 


22.27 


0.23 


2MASS J0908+5032 


22.43 


0.17 


SDSS JOOOl+1535 


23.02 


0.22 


SDSS J0207+1355 


22.37 


0.14 


SDSS J0423-0414 


22.82 


0.22 


SDSS J0539-0059 


21.42 


0.08 


SDSS J0755+2934 


22.96 


0.29 


SDSS J0805+4812 


22.79 


0.27 


SDSS J1257-0113 


22.68 


0.27 


SDSS J1314-0008 


23.32 


0.27 


SDSS J1331-0116 


22.91 


0.26 


SDSS J1440+0026 


22.92 


0.19 


SDSS J1446+0024 


23.20 


0.23 



r magnitude for zero flux = 25.1. 
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Table 11. Surface Gravities of T5 and Later Dwarfs Estimated from H — K Color 



log g Ri4.5 


log g !=a5.0 


log g Ri5.5 


2MASS J0243-2453 


2MASS J0415-0935 


2MASS J0755+2212 


2MASS J0727+1710 


2MASS J1225-2739AB 


2MASS J0937+2931 


2MASS J1217-0311 


2MASS J1503+2525 


2MASS J1047+2124 


GI 229B 


2MASS J1553+1532AB 


2MASS J1534-2952AB 


SDSS JlllO+0116 


2MASS J2356-1553 


2MASS J2339+1352 


SDSS J1346-0031 


Gl 570D 


SDSS J0830+0128 


SDSS J1758+4633 


SDSS J0741+2351 




SDSS J2124+0100 


SDSS J0742+2055 






SDSS J1231+0847 






SDSS J1624+0029 





Table 12. Coefficients of Polynomial Fit to Mj:Type and M^iType 



Magnitude Cq Ci C2 C3 C4 C5 



Mjmko 12.03 -6.278C-1 4.500e-l -6.848e-2 3.986c-3 -7.923c-5 

^Kmko 10-93 -6.485e-l 3.876e-l -5.819e-2 3.524e-3 -7.351e-5 



Fit is valid for LI to T9 and is applied as 

mag = cq + ci x Type + C2 x Type^ + C3 x Type^ + C4 x Type^ + C5 x Type^ 
where type is an integer such that 01=L1, 10=T0, 19=T9. 



This figure "knapp.figla.jpg" is available in "jpg" format from: 



http://arXiv.org/ps/astro-ph/040245 1 v3 



This figure "knapp.figlb.jpg" is available in "jpg" format from: 



http://arXiv.org/ps/astro-ph/040245 1 v3 



